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ABSTRACT 
 
THE USE OF ITEM RESPONSE THEORY IN DEVELOPING A 
PHONICS DIAGNOSTIC INVENTORY 
 
 MAY 2009 
 
CYNTHIA A. PIRANI-MCGURL, B.A., UNIVERSITY OF DELAWARE 
M.A., ASSUMPTION COLLEGE 
C.A.G.S., ASSUMPTION COLLEGE 
Ph.D., UNIVERSITY OF MASSACHUSETTS, AMHERST 
Directed by: Professor John M. Hintze 
This study was conducted to investigate the reliability of the Phonics Diagnostic 
Inventory (PDI), a curriculum-based, specific skill mastery measurement tool for 
diagnosing and informing the treatment of decoding weaknesses.  First, a modified one-
parameter item response theory model was employed to identify the properties of 
potential items for inclusion in each subtest to then inform the construction of subtests 
using the most reliable items.  Second, the properties of each subtest were estimated and 
examined.  The test information and test characteristic curves (TCC) for the newly 
developed forms are reported. Finally, the accuracy and sensitivity of PDI cut scores for 
each subtest were examined.  Specifically, based upon established cut scores, the 
accuracy with which students would be identified as in need of support and those who are 
not in need of support were investigated.   
The PDI generated from this research was found to more reliably diagnose 
specific decoding deficits in mid-year second grade students than initially constructed 
  vii
forms. Research also indicates further examination of cut scores is warranted to 
maximize decision consistency.  Implications for future studies are also discussed.   
  viii
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CHAPTER 1 
 
STATEMENT OF THE PROBLEM 
Introduction 
Models traditionally used to identify students with reading difficulties have 
employed “wait to fail” methodologies (Aaron, 1997; Foorman, Fletcher & Francis, 
1997; Sternberg & Grigorenko, 1999; Torgesen, 2002; Torgesen et al. 1999). Such 
approaches required significant performance discrepancies between a struggling reader’s 
intellectual abilities and published norm referenced measures of reading.  This 
requirement has often prohibited intervention and remediation of small but critical 
reading skill deficits and precipitated students falling further and further behind their 
typically performing peers (President’s Commission on Excellence in Special Education 
[PCESE], 2002).  Stanovich coined this growing deficit the “Matthew Effect” (Stanovich, 
1986).     
 Later identification of students with reading difficulties has been negatively 
correlated with positive learning outcomes (Foorman et al. 1997; Torgesen, 2002).   
Those with early word reading difficulties, ended up significantly behind their peers on 
global indices of reading (Stanovich, 1986). Even with intervention, through remedial or 
special education programs, students identified later have demonstrated little to no 
improvement (Allington & McGill-Franzen, 1989) and as a consequence many of these 
students have been committed to special education for their academic career (Allington, 
1994; PCESE, 2002).  However, methods now exist that can help to prevent these 
harmful effects. 
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Prevention Research 
 A plethora of research confirms the benefits of early detection of students at- risk 
for reading difficulties and reifies the importance of focusing on prevention (Foorman, 
Francis, Shaywitz, Shaywitz, & Fletcher, 1997; Torgesen et al. 1999; Torgesen et al. 
2001; Vellutino et al.1996).  The reports of the National Reading Panel in 2000 
(NICHHD, 2000) and the National Research Council in 1998 (Snow, Burns & Griffin, 
1998) illustrated risk factors, prevention, and intervention methods that optimize reading 
outcomes for children.  Overall, the Panel and Council espoused the use of excellent 
classroom instruction as the “best intervention” or the best way to prevent reading 
difficulties (NICHHD, 2000; Snow et al. 1998) and emphasized the importance of 
frequent monitoring of individual student progress with high quality tools (Snow et al. 
1998). 
Prevention as an Intervention in Reading 
 As prevention is the best intervention for reading difficulties, the employment of 
high quality research supported reading instruction is imperative.  While a plethora of 
studies and meta-analyses illustrate what works in reading instruction; how to teach 
reading and in turn how to prevent reading difficulties has elicited widely divisive 
opinions.   
In colonial times, teaching reading was phonologically based focusing on letter 
sound correspondences. Overtime, some within the field of education called the validity 
of such methods into question.  Horace Mann was one educator who characterized 
phonics as boring, and even worse, that phonology distracted students from the true 
meaning of reading.  In contrast, Mann emphasized the importance of teaching whole, 
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meaningful words first.  These methods realized popularity in the 1930’s and 1940’s.  At 
this time, most major reading programs espoused comprehension instruction with little 
reference to an alphabetic code. Students were taught words through their meanings first 
and then were expected to recognize them, in their entirety, by sight. When such methods 
were ineffective, students were encouraged to rely upon context and pictures to discover 
the word’s identity (Adams, 1990). 
   It was believed reading and memorizing whole words by sight was far more 
efficient than teaching students to decode letter sound correspondences and blend them 
together to read presented words.  Supporters of whole word reading methods found 
English to be highly irregular proclaiming the majority of English patterns evaded 
decoding through phonics.  Finally, the observed speed with which good readers read text 
did not support the need or appropriateness of employing phonemic decoding in reading 
(Adams, 1990).  
The pendulum swung again in the 1950’s bringing criticisms of whole word 
reading methods. A book by Rudolph Flesch (1955) leads such arguments. Ultimately 
Flesh and others argued English is largely alphabetic and as such phonics is the natural 
way to teach students. Arguments espoused by Flesch and others began what was coined 
the “great debate” by Jean Chall (1967). In this debate the benefits of phonics versus 
whole language approaches were questioned.  
Phoneme-Grapheme Correspondence Regularity in American English 
 In 1951, a study conducted by James Moore and directed by Paul Hanna at 
Stanford University illustrated the alphabetic structure of the English writing system. At 
the time, in concert with Mann’s position, American schools employed whole word 
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approaches to teaching spelling and reading as it was widely believed English was highly 
irregular.  This initial study uncovered the basic principles of American-English 
orthography using 3,000 frequently used words in children’s oral and written 
vocabularies. The investigators tabulated the frequency and percentage of phoneme 
graphemes and observed 80% regularity (as cited in Hanna, Hanna, Hodges, & Rudorf, 
1966).     
 While persuasive, many spelling authorities challenged Moore’s findings. Such 
criticisms influenced the initiation of a follow-up study employing a larger sample of 
words in 1966. In this study, Hanna and colleagues examined 15,284 words generated 
from the Thorndike-Lorge Teacher’s Book of 30,000 Words, Part I.  Part I of this list 
included 19,440 entries. This corpus was narrowed down to exclude, proper names, 
contracted word forms, hyphenated words, abbreviations, archaic and poetical words, 
foreign words, trade names, slang and dialectic words, “rare” words in dictionaries, and 
words that did not provide a pronunciation guide. First Hanna and colleagues calculated 
the frequency and placement of phoneme-grapheme correspondences irrespective of 
phonological factors. Investigators then documented the occurrence of correspondences 
in the initial, medial, and final portions of syllables and stress in each position.  
Results of this corroborated Moore’s findings indicating approximately 80% of 
these entries appeared regular (Hanna et al. 1966). The authors concluded American-
English orthography was bound by three levels of rules: phonological, morphological, 
and syntactical. The investigators first found position, stress, and environmental factors 
mediate phoneme-grapheme relations. Morphological factors by compounding affixation, 
word families, and syntax also served as cues to pronunciation. Most noteworthy, Hanna 
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and colleagues observed 50% of American-English vocabulary may be spelled 100% 
correctly using simple phoneme grapheme correspondences.  Moreover, the authors noted 
an additional 36% could be spelled with one error but most could be corrected by 
applying rules. Highly irregular patterns (with two or more errors) appeared in only 14% 
of words investigated but it was also noted many (approximately 10%) could be corrected 
by knowing their origin and morphology. In conclusion, Hanna and colleagues again 
found American-English orthography to be alphabetic and consequently they 
recommended it taught as such (Hanna et al. 1966). 
Although this study was specifically designed around spelling, implications for 
the instruction of reading are clear as spelling and reading have an inverse relationship.  
That is, reading, involving a process of breaking apart a code of orthographic symbols to 
gain meaning, is an easier task than having to produce those symbols from memory to 
recreate the code (Rayner, Foorman, Perfetti, Pesetsky, & Seidenberg, 2001). Although 
not specifically designed to illustrate the regularity of phonics, the implications of the 
Hanna et al. (1966) study have been wide and it has been frequently cited in the 
development of research supported reading programs and referenced in professional 
development (Carnine, Silbert, Kame’enui, & Tarver, 2004; Massachusetts Partnership 
for Achievement in Reading, 2004; Wilson Language Training, 2006). 
The Report of the National Reading Panel 
Since the original Hanna et al. (1966) study, a number of other studies have 
supported the superiority of phonics instruction to non-phonics based instruction (Adams, 
1990; Chall, 1967; Chall, 1983; Foorman, Francis, Fletcher, Schatschneider, & Menta, 
1998).  Although research clearly illustrates the collective benefits of phonics instruction, 
  6
wide adoption of systematic phonics instruction has not always been realized.  A 
resurgence of whole word teaching and a movement away from phonics was observed in 
the 1990’s. This again prompted a closer look at research and some support to translate 
research into practice.  The Report of the National Reading Panel [NRP] published in 
2000 (NCHID),  was a complimentary yet more rigorously designed publication 
following the Report of the National Research Council (Snow et al. 1998). Using meta-
analysis of high quality reading research illustrating key elements in effective reading 
instruction and intervention, the Panel documented successful students must develop and 
employ several skills simultaneously as they become proficient readers. Essential 
building blocks for successful reading entailed phonological awareness, phonics, 
vocabulary, fluency, and comprehension. Results suggested once more that phonics and 
phonemic development serve as a cornerstone to overall reading and the provision of 
explicit, systemic, synthetic phonics instruction was essential in helping beginning 
readers identify unfamiliar words and those words relatively new to them.   
Findings indicated systematic phonics instruction produced a moderate effect size 
(d  = 0.44), reifying prior research that explicit, systematic, synthetic phonics instruction 
provides a larger contribution to student growth in reading than alternate phonics 
programs or no phonics program at all. Moreover, teaching phonics early during a child’s 
development appeared more effective than teaching it later with mean effect sizes for 
kindergarten, first grade, and then second through sixth grades at; d = 0.56, d = 0.54, and 
d = 0.27, respectively. Provision of phonics instruction precipitated significant reading 
growth among younger students “at-risk” for developing future reading problems with 
effect sizes of d = 0.58 in kindergarten, and d = 0.74 in grade one, and significantly 
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improved reading performance of students with reading disabilities (average IQ’s but 
poor reading) with average effect sizes of d = 0.32. The Panel also illustrated, as would 
be expected, that systematic phonics instruction was most effective in improving reading 
of regularly spelled words (d = .67) and pseudowords (d = 0.60) in young children but 
more surprising was a significant effect on how students read irregular words (d = 0.40). 
Phonics also demonstrated positive effects on reading comprehension in younger children 
(d = 0.51) and in spelling (d =0.67).   
Although clearly indicating the superiority of systematic phonics instruction the 
NRP illustrated significant variability between the content and routines in explicit, 
systematic, synthetic phonics programs. Some programs employed the use of diacritical 
markings on letters/words (Englemann & Simmons, 1988), mnemonics, and other multi-
sensory approaches.  Instructional hierarchies also varied with some programs following 
a scope and sequence whereby skills were organized around syllable types to facilitate 
generalization such as in Orton-Gillingham programs (Orton, 1979; Wilson Language 
Systems, 2006), others relied upon cognate pairs as they appear in the speech and 
language field (Lindamood & Lindamood, 1998), while still others took the approach of 
teaching word chunks or phonograms instead of teaching more finite letter/sound 
correspondences. 
The Importance of Early Identification and Remediation of Phonics Deficits 
While research illustrated the importance in teaching of phonics early, each 
approach is not equally beneficial and some students require more than others. The 
provision of phonics in a timely fashion was indicated in the NRP report as it was in a 
study by Leach, Scarborough, and Rescrola (2003).  Leach and colleagues (2003)  
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compared the literacy, language, and cognitive skills of 35 students with early identified 
reading disabilities (RD), 31 late identified students with RD (after grade three), and 95 
normally achieving students.  Findings suggested skill deficits between early and late 
identified RD groups were relatively similar; however, the overall achievement of the late 
identified RD group was higher in grade three. In grades three and four there typically 
has been a shift from learning to read to reading to learn thus it was hypothesized, 
consistent with common belief, students identified at this time would have primarily 
comprehension based weaknesses. Upon closer examination, however, 62% of students 
also had co-morbid underlying word level deficits that evaded identification during 
primary grades.  What this illustrates is that there remain a number of students who are 
later identified with RD who likely had underlying word reading deficits.  If this deficit 
had been identified earlier the researchers questioned if these deficits could have been 
remediated and/or RD prevented.  
In summary, the role of phonics instruction in the acquisition of literacy and the 
importance early identification of phonic skill deficiencies and remediation is evident. 
Although existing research provides a broad understanding of what works (synthetic 
phonics), the specific content (hierarchies, use of mnemonics, multisensory instruction), 
and for what children is still unknown.  Because of this, the importance of early 
intervention (prevention) is of paramount. Early identification of and intervention for 
skill deficits is vital as outcomes for later intervention is less certain, requires more 
resources and time, and is often at the expense of student exposure to and acquisition of 
other necessary enabling skills. Provided this, there exists a need for a quick, efficient, 
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reliable, and valid means through which students at- risk or with skill deficits can be 
identified.     
  Legislation in Response to Research 
 Research of the National Research Council (Snow et al. 1998) and the meta 
analysis of the National Research Panel (NICHHD, 2000) preempted the enactment of No 
Child Left Behind Act of 2001 (NCLB, 2001) which required the adoption of research 
based instructional and assessment practices. Local Education Agencies (LEAs) 
benefiting from Reading First dollars under NCLB are now required to employ research 
based programs/materials and technically adequate testing/assessment practices to inform 
reading instruction. LEAs are required to identify and adopt screening, diagnostic, 
progress monitoring and outcome testing instruments with appropriate reliability and 
validity to aid in identification of students at-risk for and with reading deficits.   
 The reauthorization of the Individuals with Disabilities Education Act of 2004 
(IDEA, 2004) also known as the Individuals with Disabilities Education Improvement 
Act reified the importance of prevention permitting the use of 15% of all special 
education dollars for general education use to prevent the development of learning 
disabilities. IDEA 2004 reiterated the importance of and also required the use of research 
supported instructional/intervention programs, assessment practices and encouraged the 
employment of “Response to Intervention” for preventing and detecting learning 
disabilities. Response to Intervention is in concert with school-wide reading improvement 
models implemented in Reading First supported schools. 
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Policy:  Response to Intervention 
 Although there are many models of Response to Intervention, all employ the same 
basic principles.  The National Association of State Directors of Special Education 
simply defines Response to Intervention as “. . . the practice of (1) providing high-quality 
instruction/intervention matched to student need and (2) using learning rate over time and 
level of performance to (3) make important educational decisions.” (Batche et al. 2006, p. 
5)  In practice, districts/schools administer screening instruments to all students as many 
as three to four times annually and then utilize information gathered to inform the content 
and intensity of literacy instruction for all students. In many instances, students, 
identified at or some-risk, are directly placed in to a standard prescribed research 
supported intervention group informed by assessment. Student performance in response 
to intervention is monitored frequently and changes made accordingly. If students 
respond to the intervention progress monitoring continues as does the intervention until 
which time they are able to perform at a level commensurate with their typically 
performing peers. Students who make less than adequate progress, a prescription to 
intensify or change the intervention may apply (Fuchs, 2003).   
 This method, referred to as the standard protocol approach, espouses using 
research supported interventions matched to student need (Torgesen et al. 1999; Torgesen 
et al. 2001; Vellutino et al. 1996). While such standard protocol approaches have 
certainly demonstrated success, their “one size fits all approach” has limitations as not all 
standard protocols match the needs of each unique learner. These cases have been 
identified through a failure to respond to a pre-determined intervention and typically 
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warrant more specific testing to identify skills to target. (Torgesen et al. 2001; Vellutino 
et al. 1996).   
 In the event students are under-responsive to standard protocols implemented with 
fidelity it behooves educators to respond quickly and responsibly to address the needs of 
these students.  Often several weeks, if not months, have expired in attempts to remediate 
skill deficits of children most difficult to teach and these gaps still remain. As clearly 
illustrated by the research of Stanovich (1986), Juel (1988), and the NRP (2000) time is 
not on the side of educators. For example, Juel (1988) illustrated students who were poor 
readers in the end of grade one were invariably poor readers in grade four. Similarly, 
Stanovich (1986) demonstrated that students with well developed skills continue to 
exponentially improve and expand upon their knowledge while those with skill 
weaknesses and/or deficits fall further and further behind. While it is critical to respond 
swiftly, it is critical to further identify or define the nature of the student’s 
difficulties/skill deficits with a diagnostic and instructionally prescriptive instrument. “. . 
. student assessment is an essential part of teaching and that good teaching cannot exist 
without good student assessment.” (American Federation of Teachers [AFT], National 
Council on Measurement in Education [NCME], & National Education Association 
[NEA], 1990) 
Assessment 
A resounding theme throughout is the use of “technically adequate” instruments 
to screen, progress monitor, diagnose and in making outcome decisions. Tools employed 
must not only be quick and efficient but, most importantly, be accurate so appropriate 
instruction may be designed to ameliorate reading problems; however, this has been a 
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challenge for many educators. Salvia, Ysseldyke, and Bolt (2007) document instruments 
frequently used often do not match local curriculum. This presents a challenge when 
attempting to use results to inform teaching and this inhibits the validity of results. While 
norm referenced tests permit examiners to compare overall student performance against 
their same-aged or same-grade peers, such measures are typically not useful in 
identifying which specific curriculum objectives have been mastered and those that 
require intervention support.   
The majority of criterion referenced reading tests that do align with local curricula 
and best translate into practice lack technical rigor required by current legislation (IDEA, 
2001; NCLB, 2001) and published assessment standards such as the Standards for 
Educational and Psychological Testing (American Educational Research Association 
[AERA], American Psychological Association [APA], & National Council on 
Measurement in Education [NCME], 1999).  When “technically adequate” instruments 
are available many lack alternate forms or have only one alternate form. The lack of 
multiple alternate forms prohibits frequent monitoring of student progress in the area of 
concern and the ability to modify instructional approaches if students do not make 
anticipated progress.  
 In an attempt to address these aforementioned problems, various curriculum based 
assessment methods have been developed to address these weaknesses of commonly used 
norm-referenced tests. Many researchers and reading experts (Fuchs, 2003; Fuchs & 
Fuchs, 1986; Fuchs, Mock, Morgan, & Young 2003; Grimes & Kurns, 2003; Speece, 
Case, & Molloy, 2003; Vaughn & Fuchs, 2003; Vaughn, Linan-Thompson, & Hickman, 
2003) have emphasized that tests should inform outcomes decisions and instructional 
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programming. Further, such tests should facilitate continuous progress monitoring by 
providing a reliable and valid indicator of students’ progress (PCESE, 2002; Snow et al. 
1998).   
Curriculum Based Assessment. 
Curriculum Based Assessment, a broad testing construct that encompasses a 
number of testing techniques, utilizes the curriculum as a natural device for assessing 
student skills.   
Curriculum Based Measurement. 
Curriculum Based Measurement (CBM) falls under the auspices of Curriculum 
Based Assessment (CBA).  CBM varies from other CBAs in that CBMs are standardized 
tests that measure important overarching skills in a certain domain. To qualify as CBM, 
an instrument must have known technical qualities (reliability and validity), must be 
quick to administer, inexpensive, must have many alternate forms that may permit 
frequent monitoring, must be sensitive to growth over time, and must serve as a general 
outcome indicator of an overarching construct. In sum, they must serve as an educational 
thermometer. While they will not provide specific information regarding where students 
are struggling they should provide an overall indicator of a student’s academic health in a 
certain domain.   
An example of CBM is Oral Reading Fluency (ORF). ORF is a timed, 
standardized test that serves as a general indicator of a student’s overall reading health. 
This is a valid and reliable tool that gives us an overall picture of a student’s reading 
health, aids in progress monitoring, screening, and outcomes decisions. It has been 
strongly correlated with overall reading achievement including comprehension and has 
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also been correlated with other overall academic indicators. However, as powerful as this 
measure is, if a student performs poorly it will not clearly illustrate the etiology of the 
student’s reading deficit. Here, further assessment information is required to identify the 
specific skill deficits that a student may be exhibiting (Fuchs & Deno, 1991).   
Many educators appropriately employ ORF for students in mid grade one and up; 
however, there remain many students prior to grade one and even up through grade one 
for whom ORF is not yet appropriate or ORF is not sensitive enough to detect meaningful 
growth. Word Identification Fluency (WIF), a more direct indicator of word reading was 
developed as a predictive precursor to ORF. Deno and colleagues (Deno, Mirkin, & 
Chiang, 1982) developed WIF to address the need of having a task sensitive to reading 
development when ORF is not yet appropriate. Like ORF, WIF is a one minute task with 
alternate forms with known technical adequacy. Probes consist of 50 randomly selected 
high frequency words. The number of words read correctly represents the student’s 
automatic word recognition ability, an indicator of overall reading competence.  
Another measure developed for the same reason as WIF was Nonsesense Word 
Fluency (NWF). NWF, a measure included as part of the Dynamic Indicators of Basic 
Early Literacy Skills (DIBELS) suite, is a timed one minute test with alternate forms of 
known technical adequacy. NWF unlike WIF contains 50 vowel-consonant (VC) and 
consonant-vowel-consonant (CVC) nonsense words and students are required to identify 
as many words or letter sounds correct as they can per minute. Unlike WIF, NWF scoring 
procedures dictate provision of credit for reading sounds in isolation or when blending 
the sounds together into a word. Thus in this test students can achieve benchmark by 
either responding sound by sound or reading the whole word. Good, Simmons, & 
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Kame’enui, (2001) investigated the concurrent validity of this instrument with the 
Woodcock Johnson readiness cluster. Correlations ranged from 0.35 in May to 0.59 in 
February with a median coefficient of 0.52. Predictive validity coefficients from October 
of first grade to May of grade one, were 0.71 in regard to CBM ORF and 0.52 relating to 
the Woodcock Johnson reading cluster.   
Fuchs, Fuchs, and Compton (2004) recently investigated the concurrent and 
predictive validity of both measures (WIF and NWF) with the Word Attack Subtests of 
the Woodcock Reading Mastery Test-Revised Form G (1987), the Word Identification 
Subtest of the Woodcock Reading Mastery Test-Revised Form G (Woodcock, 1987), and 
the Comprehensive Reading Assessment Battery (CRAB) (Fuchs, Fuchs, & Hamlett, 
1989). The WIF outperformed NWF in relation to the Woodcock Word Identification 
Tasks (0.77 vs. 0.58) the CRAB (0.73-0.93 WIF vs. 0.51-0.80 NWF) and CBM Slopes. 
NWF performed slightly better on the Word Attack Subtest of the Woodcock Reading 
Mastery Test – Revised, and even on this measure correlations were comparable between 
WIF and NWF.  Explanations for these differences were attributed to the fact that 
students with very different response patterns may earn the same score on NWF and that 
NWF is limited to VC and CVC words whereas WIF displays a broader array of words 
types. 
Critics of WIF contended that while this instrument may provide a good 
indication of word reading, because the words are high frequency words, this cannot 
serve as a direct indicator of a student’s decoding. These high frequency words are 
irregular as well as regular words. Further many reading programs teach most high 
frequency words through whole word methods as many appear in literature prior to their 
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appearances in phonic scopes and sequences. Additionally, WIF does not provide, nor 
was it designed to provide, a large enough sample of specific decoding patterns to be 
useful in any diagnostic way. NWF, while perhaps more diagnostically informative for 
VC and CVC words, does not provide any information on more complex orthographic 
patterns. 
There are CBMs suitable for screening and perhaps in some instances 
identification of skill deficits but they lack the specificity to diagnose and inform reading 
instruction.   
Other CBA’s 
To supplement CBM a number of more diagnostic or prescriptive CBA’s are 
commercially available; however, many fail to meet the rigorous technical adequacy 
and/or “usability” requirements. For example, Howell, Fox, and Morehead (1993) have 
established and published systematic models for curriculum based evaluation of academic 
and social skill deficits. Their model for identification of skill deficits consists of a four 
stage process; survey level assessment, analysis of data and development of assumed 
causes, administration of a specific level assessment and finally interpretation of data and 
decision making. This process can be summarized by the acronym FACT standing for (1) 
Fact Finding, (2) Assumed Cause, and (3) Test.   
During the Survey Level Assessment phase the evaluator gathers preexisting 
documents such as portfolios, published norm referenced tests, achievement tests, 
interviews and student work. With this information in the next phase, the analysis of data, 
the evaluator establishes a hypothesis(es) for an assumed cause(s). The third phase entails 
examining assumed causes through employment of a relevant existing criterion 
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referenced test or a created test. The purpose of this phase is to either confirm or refute 
previously established hypotheses. In the final stage, based upon data gathered, educators 
make decisions and plan intervention.  
The strengths of this model lay in that this is a multi-step process reliant upon 
convergent data to make educational decisions for struggling learners. Furthermore, these 
procedures are specifically linked to the problem and local expectations (curriculum). 
The weaknesses of this procedure is that it has unknown technical adequacy. It is 
unknown how reliable information gathered is in capturing the student’s “true” 
performance. Additionally, whether the data sufficiently captures the skill in question 
(validity) is unknown. Many have also criticized this process as too time consuming and 
not user friendly.   
Olinghouse, Lambert, and Compton (2006) have developed and employed the use 
of an Intervention Aligned Word List (IAWL) to determine if different progress 
monitoring tools would differentially predict growth in reading skill associated with 
systematic phonics instruction. They predicted that the IAWL would account for unique 
variance in decoding and word identification fluency that would go unaccounted for with 
CBM oral reading fluency.   
Forty students in special education from grades two through five with specific 
word identification deficits participated in this study.  Investigators provided participants 
with a research supported Direct Instruction decoding and word reading intervention 
program PHAST (i.e., Phonological and Strategy Training; (Lovett, Lacersenza, & 
Borden, 2000). Intervention consisted of 60 lessons and participants were monitored six 
times over the course of intervention, once prior to the intervention and then every 12 
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lessons thereafter. Baseline was established with the IAWL, ORF, the Gray Oral Reading 
Test (GORT; Wiederholt & Bryant, 1992), the Test of Word Reading Efficiency 
(TOWRE; Torgesen et al. 1997), and the Woodcock Reading Mastery Test R/NU, Word 
Identification and Word Attack Tests (WRMT-R/NU; Woodcock, 1987). The IAWL and 
ORF were used to monitor students. 
Olinghouse and colleagues mined a corpus of 10,000 high frequency words 
(Zeno, Ivens, Millard, & Duvvuri, 1995) for their IAWL. They first identified and then 
narrowed the list down to 6,335 decodable words.  Investigators then sorted these words 
into categories consistent with when they would be considered “decodable” in the 
PHAST program. Skill representation in the final IAWL list was dictated by the number 
of words representing each skill in the original list of 6,335 words. The proportion of 
words within the corpus of 6,335 words that matched the phonics pattern appearing at 
lesson 31 was 1.8%. This roughly translated into one word matching this phonics pattern 
on the 50 word IAWL list. When a choice was available, less frequent of high frequency 
words were chosen for inclusion in the inventory and words selected for later placement 
in the inventory also reflected an increase in average word length, syllables and an 
increase in the amount of phonic skills appearing within words. 
The final IAWL inventory consisted of five cards of ten words a piece. One card 
was presented to students at a time and testing was discontinued when students answered 
ten words incorrectly in a row. When students met the discontinuance criterion, data 
collectors presented remaining cards asking students to only identify any familiar words.  
The same cards were employed in all progress monitoring occasions and all sessions 
were untimed. 
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Using Hierarchical Linear Modeling, Olinghouse and colleagues (2006) 
demonstrated IAWL accounted for unique variance after accounting for initial status on 
word reading, decoding and passage reading accuracy (0.01 to 0.29) whereas oral reading 
fluency accounted for unique variance on passage reading fluency but not on reading 
accuracy or comprehension (0.00 to 0.19). On average, participants monitored gained an 
additional word per week. 
 This study also investigated the psychometric properties of the IAWL. Using 
Generalized Estimating Equations (GEE) investigators demonstrated as word difficulty 
(based on the hierarchy) increased the percentage passing went down.  A one parameter 
Item Response Theory (IRT) Model (Rasch Model) was then employed to investigate the 
hierarchical order with which words were presented. Although GEE uncovered a positive 
relationship between student performance on the IAWL and what had been taught in 
intervention, IRT illustrated noteworthy hierarchical differences from the initial rank 
ordering of words (aligned with PHAST).  Some movement of words (skills) was 
attributed to the frequency with which students may see them in print (i.e. crayon).  
Collectively, the results of this study illustrated the importance of choosing an 
appropriate progress monitoring instrument linked to instructional priorities sensitive to 
growth over time. This study illustrated some progress in generating promising 
psychometrically sound instruments to diagnose and perhaps monitor student acquisition 
and growth of decoding skills. This research, however, is still in its infancy and many 
educational professionals are left with few means through which to reliably ascertain this 
information. 
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Current State of Assessment in Education 
As many commercially available tests were and still are not available to address 
all assessment needs in classrooms, teachers/educators are often left to their own devices. 
To address these areas of weakness teachers have developed their own tests, have used 
multidimensional tests in a unidimensional manner and/or have used various converging 
sources to answer their assessment questions.    
The Follies of Using “Subtest Analysis” to Inform Intervention 
Conducting subtest analysis of unidimensional PNRT’s and CRT’s, which is 
regularly done in education, is plagued with error. Frequently, subtests do not contain 
enough items to reliably measure a student’s proficiency on specific skills and decision 
rules established to determine levels of mastery or deficiency are based upon opinion 
rather than research. As tests were not designed for diagnostic use, error is probable. The 
frequency with which these practices and associated error occurred prompted the 
incorporation of Standard 1.10 in to The Standards for Educational and Psychological 
Testing (AERA et al. 1999).   
When interpretation of performance on specific items, or small subsets  
of items, is suggested, the rationale and relevant evidence in support  
of such interpretation should be provided. When interpretation of  
individual item response is likely but is not recommended by the  
developer, the user should be warned against making such an  
interpretation (p. 19).  
 
Parker and Wells (2006) directly investigated error associated with using 
unidimensional criterion referenced test in this manner. They investigated the frequency 
with which educators misclassify students as needing help when they do not and  
classifying students who need help as not needing help on a state assessment 
(Massachusetts Comprehensive Assessment System [MCAS]) intended to measure 
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student proficiency on an overall construct rather than on sub-skills represented in 
subtests. Investigators employed a Monte Carlo simulation procedure to examine the 
reliability of decision making based on this subtest analysis.  Each subtest was comprised 
of 5, 7, 8 and 10 items. When conducting the simulations, 20%, 40%, 40% to 80%, and 
finally 50% to 80% of students, on each respective subtest, who were in need of 
additional support/remediation would NOT be identified in need of support.  Findings for 
the converse were similar. Thus, for those students for whom the stakes are highest and in 
need of additional support, between 20% and 80% of them would not be identified in 
need of additional support.     
This illustrates interventions based upon sub-test analysis may not be matched to 
student need. The consequence of imprecise identification of student skill deficits for our 
most “at risk” is misfit of intervention at best and in many cases delays provision of 
additional support. 
The Practice of Using Converging Data to Make Instructional Decisions 
 While teacher made tests are easily adapted to and are often sensitive to locally 
based curricular goals/objectives they typically have unknown or very limited 
psychometric characteristics. In many of these cases, the benefit of sensitivity is at the 
cost of reliability. As the technical qualities (reliability and validity) of these tools are 
largely unknown, the reliability with which we make decisions based upon these 
instruments is also unknown. Using data gathered from teacher generated instruments in 
concert with other data collection methods may enhance decision making and decrease 
error. For instance, in daily classroom routines there may be several opportunities for 
teachers employing a research based spiraling curriculum to see their error if they are 
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looking for it. The Standards for Educational and Psychological Testing (AERA, et al. 
1999) clearly indicates when making decisions for students, converging data or multiple 
data sources should be considered. Standard 13.7 further reifies the importance of this 
practice noting decision making should not be made upon one test score alone but also 
with other data to enhance the overall validity of the information collected. Furthermore, 
Standard 13.9 cautions that when using multiple data sources, those interpreting said data 
must do so taking into consideration the reliability and validity of sources. As such, data 
should be proportionally weighed in accordance to these characteristics.    
In this framework, educators use the teacher made test as one clue as to student 
proficiency on the skill(s) in question. They would also consider observations of the 
student engaged in the skill, permanent products, other testing materials and/or perhaps 
even interviews. Although, using converging data may have the potential to enhance the 
reliability with which we make decisions, converging data, again, will only be as reliable 
as the combined reliability of data sources and assuming educators using such 
information have sufficient and appropriate training to understand how to use it. 
Although this is a recommended practice, AERA, APA, and NCME acknowledge that 
many educational institutions are inappropriately using inadequately trained staff to 
evaluate students. Further, recent studies illustrate professionals with extensive 
assessment training, such as school psychologists, feel as if they are ill equipped to 
conduct this practice in the area of reading (Nelson & Machek, 2007). These variables 
question how reliable this procedure may be in practice. Although appropriate use of 
convergent data is intuitively the superior practice, it has yet to be validated and warrants 
further empirical investigation.    
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The Current Investigation 
 As technically adequate diagnostic inventories are necessary to pinpoint area(s) of 
reading concern, research is underway to develop an inventory to diagnose deficits in 
phonics and coordinating progress monitoring tools.  Teaching direct systematic phonics 
has produced gains in reading and spelling and has been found to be significantly more 
effective than non-phonics instruction for at-risk and difficult to remediate students on 
global measures of reading achievement (NICHHD, 2000). Additionally, investigations 
of students diagnosed with reading disabilities in elementary school, suspected of having 
isolated comprehension deficits, 62% also had a co-morbid underlying word level deficit 
that evaded earlier identification (Leach et al. 2003). All of the aforementioned research 
findings behoove us to move swiftly and reliably identify and remediate word reading 
deficits of struggling students. 
 This phonics inventory is intended to precisely and reliably diagnose areas in need 
of phonics instruction/remediation. The PDI (Koerner et al. 2006) is a series of 
individually administered un-timed tests that may be conducted over several days.  
Through administration of this phonics inventory, areas in need of 
remediation/instruction are identified facilitating curriculum and instructional design in 
areas of greatest need making most efficient and effective use of instructional time. 
 The purpose of this study is to examine the reliability and decision accuracy of the 
PDI (Koerner et al. 2006). Within this question lie more specific research questions. 
Question 1: Examination of the Reliability of the PDI. How well do items 
discriminate between students’ word reading at different reading ability levels? Are items 
included of appropriate difficulty to discriminate between students with different word 
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reading abilities? What is the value added to the PDI when hand selecting “best” 
performing items versus randomly selecting them? It is hypothesized analyses will yield 
many reliable items that will meaningfully contribute to the identification of skill deficits 
within the most “at-risk” learners or those within the lowest levels of ability. It is also 
predicted, hand selection versus random selection of items will improve the reliability of 
PDI subtests. 
Question 2: Decision Consistency. Given the current cut-scores in the first version 
of the PDI, how often would we misclassify students given their true ability?  
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CHAPTER 2 
 
TEST CONSTRUCTION 
The Development of the Phonics Diagnostic Inventory (PDI) 
The PDI is comprised of 86 subtests identified through an analysis of four 
research based literacy programs: Trophies (Harcourt School Publishers, 2005), The 
Nation’s Choice (Houghton Mifflin, 2003), Open Court (SRA/McGraw-Hill, 2002), and 
Scott Foresman Reading (Scott Foresman Reading, 2004). Through an analysis of these 
phonics scopes and sequences, more than 100 specific phonics skills were identified as 
taught in kindergarten to fourth grade. As skills were identified in each program, it was 
noted where in the scope in sequence (grade level/unit) skills were taught. 
Skill Selection 
As syllabication is often utilized as a framework for teaching these skills to “at-
risk” learners, a heuristic based upon the work of Moats (2000) was utilized as a 
framework for organizing results. Additional skills that did not fit well in to this heuristic 
were added as separate categories. The final categories chosen for inclusion in the PDI 
were as follows; Closed Syllable (short vowels, e.g., cat), Vowel-Consonant-e (long 
vowels; e.g., cave), Open (long vowels; e.g.,  be), Consonant-le (e.g., bible), R-
Controlled (e.g., far); Vowel Teams (Vowel Digraph; e.g., pain and Diphthong; e.g., 
cow), Consonant Digraphs (e.g., thing), Consonant Blends (e.g., blend),  “other multiple 
letter patterns”(e.g., eigh, -tion), additional sounds (e.g., soft g and c as in gem and ice), 
and Other (e.g., contractions, regular plurals, prefixes and suffixes). Ultimately the PDI 
consisted of 86 specific subtests measuring 45 vowel skills and 41 consonant skills. 
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Assignment of skills to grade levels occurred based upon the following set of decision 
rules: Rule 1: When viewing synthesized data gathered from core literacy programs, if 
convergence around one grade level appeared, such that most/all of the programs initially 
taught this element in one grade, the skill was assigned to this grade. Rule 2: if half of the 
programs taught a skill in one grade and the others taught it in another, the skill was 
assigned to the earlier of the two grades. Rule 3: If most skills of an overarching skill-set 
converged on one grade (for instance all short regular CVC vowels ă, ě, ĭ, ŏ, & ŭ) all 
skills in this domain would be assigned to this level, unless clearly designated to another 
level. Rule 4: When a skill was taught in only one or two reading programs the skills 
were cross referenced against the Hanna et al. (1966) study to determine the frequency 
with which students would come upon these specific phoneme-grapheme sequences in 
connected text. If the pattern was clearly not a regular phonic pattern (one orthographic 
pattern representing more than three phonological sounds/segments), or the skill appeared 
in connected text infrequently, it was discarded. If the value of this skill was uncertain, it 
was kept. 
Item Selection 
 A computer program was developed to query the Carnegie Melon Linguistic 
Database (Carnegie Melon University [CMU], 2006) for words matching the identified 
phonic patterns. Words matching each skill were imported into a data base and then were 
hand sorted to ensure they represented the target skill and that they were appropriate for 
young children. Skill categories were again reevaluated to determine their instructional 
importance and utility. This was done in three ways. First, skill categories were 
eliminated from the final inventory if there were fewer than 30 one to three syllable 
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words representing the targeted phonics skill. Second, if the same orthographic pattern 
represented more than three phonological sounds/segments it was eliminated (for 
example: ough as in though, bough, through). Finally, all categories were cross-
referenced with Hannah et al. (1966) to determine their regularity and prevalence in the 
English language.  If categories were determined to be highly irregular and/or infrequent 
they were eliminated from the final battery. In choosing the final stimulus words, 
attempts were made to maintain one syllable words versus multiple syllable words to 
avoid inclusion of another syllable and other syllable types. Inclusion of more complex 
patterns could potentially confound results. When it was necessary to include multiple 
syllable words, attempts were made to have both syllables reflect the same skill or the 
target skill and an easier skill such as CVC. The compound word, two syllable regular 
word, y=/ī/ and /ē/, “oy” and open syllable categories contained words with two syllables. 
The final skills, their respective categories, and the hierarchy identified chosen for the 
PDI are illustrated in Appendix A. 
Administration and Scoring 
 The PDI was designed such that it could be administered in its’ entirety or by 
subtest/skills to identify and target specific areas in need of instruction, practice, and 
those which have been mastered. Information gathered should inform instructional 
content and goals. The purpose of the inventory is to enhance the reliability of decision 
making about instructional content, design, and consequently provide more effective and 
efficient skill instruction. 
 The PDI is individually administered with standardized directions. Students are 
provided with a booklet of stimulus words and are shown one page at a time by the 
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examiner. The examiner follows along and simultaneously scores student responses 
dichotomously (correct/incorrect). (See a sample examiner scoring sheet in Appendix B). 
Each probe consists of 25 words representing five discrete skills (five words representing 
each skill). As in Appendix C, words representing the same skill appear in columns. For 
instance in Appendix C, all words following the short “a” pattern (ă) appear in the same 
column. For each probe there is a parallel probe with an additional five words for each 
skill. (See Appendix D)  
 Students are provided with the following directions “When I say, ‘start’ begin 
reading each word, beginning at the top of this page. Read across the page [demonstrate 
by pointing]. Try your best to read each word.  If you come to a word you don’t know try 
to read it but if you can’t read it you may skip it. Be sure to read whatever words you can 
read. When you get to the bottom of this page, stop. Are there any questions? [Pause]  
Start.” As the student reads, the examiner records any errors by marking a “/” through 
the word. If the student hesitates for more than 5 seconds on any word, the examiner says 
“Try your best to read it.  If you can’t you may skip it.” On subsequent pages these 
directions may be shortened to “When I say ‘start’ begin reading the words and try to 
read each word. When you get to the bottom of the page, stop.  Ready? Start” (Koerner et 
al. 2006).   
 Incorrect responses are simply recorded with a “/” through them. Students are 
provided with one point for each correct response and zero points for each incorrect 
response. Upon completion of each 25 item page, examiners add points at the end of each 
column to determine the student’s proficiency level on each skill. For each column, 
representing a single skill, the examiner applies decision rules to determine the next steps 
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in testing. If a student earns 0 or 1 point on a skill, the examiner is to assume that the 
student is in need of additional support and this skill should be targeted for instruction. A 
score of 4 or 5 correct indicates additional instruction on this skill is not warranted and 
additional testing of other skills is necessary to identify skills for instruction. If the 
student earns a score of 2 or 3, the examiner is directed to administer additional items 
representing this skill in the “extended battery” or “b” section. With such a small sample 
of items and as student “mastery” of skill is less certain with scores of 2 or 3, provision of 
a larger sample of items was deemed necessary. Upon completion of the “extended 
battery” or “b” section, an additional five items, satisfactory performance is synonymous 
with an overall score of 8 (8 out of the 10 items) correct. Any scores below 8 should 
indicate instruction on this skill is necessary. 
 All students are first tested on simple VC and CVC short vowel words, the first 
and most elementary skill in the PDI.  Upon completion of the CVC Short Vowels 
section, if a student demonstrated need in all five columns (all five short vowels), 
administrators are instructed to discontinue testing and focus instruction on these skills.  
Discontinuance rules are aligned with test purpose. If the intention of the examiner is to 
inform instructional design, it is recommended they continue testing until five vowel 
skills are identified as in need of instructional support. If the intent of testing is for 
diagnostic purposes only, testing may continue until all sections have been investigated. 
Regardless of testing purpose, upon meeting discontinuance criterion, examiners are 
instructed to say “We are all done for today.  Thank you.” 
 In the event the PDI is employed to identify areas in need of instructional support 
and areas of identified weaknesses have subsequently been targeted for intervention and 
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addressed, examiners may choose to continue administering the PDI at the point where 
testing was previously discontinued in order to identify area(s) that should be targeted for 
intervention next. The current version of the PDI is intended for diagnostic purposes 
only. In the future, however, parallel forms may be created to facilitate progress 
monitoring (See Appendix E for PDI directions).   
Research Generated Measure 
Item property and reliability estimation necessarily required the alteration of the 
original PDI.  The PDI was altered for this research to include 20 items representing each 
skill (10 more than originally included). Provided limited resources, investigation depth 
became a priority over breadth. More prevalent phonics patterns and those that present 
the most difficulty for beginning readers were chosen over less common. The English 
language is largely alphabetic with some noteworthy obvious exceptions. This is most 
commonly observed in vowels and as such vowels were prioritized. Vowels invariably 
appear in every word, regular or irregular, and they are typically the patterns that most 
confuse struggling readers (Adams, 1990). Less frequent vowel patterns were however, 
also eliminated.   
Pilot testing of the inventory on teacher nominated “average” volunteers indicated 
students experienced fatigue when presented with more than 4 pages (200 words) per 
testing occasion. Ultimately 32 phonics skills were targeted and each student was 
exposed to 320 unique items over two testing occasions. Prioritized categories were also 
those which appeared in research supported intervention programs (Pearson Education 
Inc., 2008; Wilson Language Training Corporation, 2006). Orthographic patterns 
ultimately included in the study appear in Table 2.1. 
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Subtest Selection and Assignment 
Including fewer categories in this study permitted a more extensive and 
sophisticated statistical analyses. 
Table 2.1: Phonics Skills Targeted 
Specific Skill 
Area 
Patterns included 
  
CVC ă, ě, ĭ, ŏ & ŭ 
CVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in regular patterned words with consonant 
digraphs and diphthongs in the final position. 
CVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in regular patterned words with consonant 
digraphs and diphthongs in the initial position. 
CCVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in regular patterned words with consonant 
digraphs and diphthongs in the initial & final position. 
Compound short vowels (ă, ě, ĭ, ŏ & ŭ) in regular patterned words 2 syllable 
compound words. 
2 Syllable 
regular words 
short vowels (ă, ě, ĭ, ŏ & ŭ) in regular patterned two syllable words. 
CVCe ā, ī, ō, and ū (i.e. cave) 
“r” controlled ar, er, ir, or,& ur 
Vowel 
Digraphs 
“ee” /ē/, “ea” /ē/, “ai” /ā/, “oa” /ō/, “ay” /ā/, “y” /ē/, “y” /ī/, “ow” /ō/, 
“oo” & “ew” 
Vowel 
Diphthongs 
 “oy”, “ou”, “oi”,   
Open Syllables long vowel sounds (ā, ē, ī, ō, and ū) in the first syllable of a two 
syllable word (i.e. acorn) 
 All basic vowel items were examined to determine the appropriateness of 
established cut scores but as indicated earlier, cut scores or decision rules, as they 
appeared in the first version of the PDI, were not adhered to. 
  32
The investigator changed the order in which items were presented. In the test 
designed for diagnostic work, similar items or skills appeared together in a hierarchical 
fashion.  The hierarchy in which skill groups and words appeared in this test was 
informed by the scopes and sequences of “research based” reading programs. Although in 
diagnostic work it is important to have items in a specified order to facilitate instructional 
planning and design, it was not appropriate here provided the purpose of this study. In 
this study, it was necessary to expose as many participants of diverse ability levels to as 
many items as possible. To present items in a theoretical hierarchy of difficulty it is 
probable that participants of varied abilities would reach a point of frustration and 
intolerance. In order to circumvent this anticipated problem, the presentation of items was 
reorganized. The “easiest” items (simple CVC, CVCC, CCVC and CCVCC) items 
appeared more frequently than more complex and irregular patterns such as vowel teams 
(e.g.; /ē/ = ea, ee) and r-controlled vowels (e.g.; /er/ = er, /ir/ = ir).   
 In addition to deleting many item categories, a few were created. Five subtests 
dedicated to examine student acquisition of more complex regular short vowel patterned 
words (CVCC, CCVC and CCVCC) appeared in the original PDI. Words in these tests 
were organized around short vowels (ă, ě, ĭ, ŏ, & ŭ) but included both consonant blends 
(e.g. sl & bl) and digraphs (e.g. th & sh) in the initial and/or in the final position of the 
word. For example, the short ă section included words like flag, mash and stack. This was 
reorganized in the research version of the PDI such that these sections were instead 
reorganized around the pattern (CVCC, CCVC or CCVCC) rather than the specific short 
vowel types. For instance, in the research generated PDI, words such as bash, lump, and 
fish appear in the CVCC section. This reorganization occurred for two reasons. First this 
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condensed this section from five categories into three. Second, there was more interest in 
understanding student generalization of short vowels to more complex patterns then again 
testing specific short vowels. A regular patterned compound word, with words such as 
batman (CVCCVC and VCCVC), as well as a two-syllable regular patterned word 
section, with words such as muffin, were also added. These more complex regular 
patterned words were not included in the original PDI. Investigators determined it was 
important to examine if students could generalize acquisition of the CVC pattern (apply 
short vowels ă, ě, ĭ, ŏ, and ŭ) to two syllable words. 
 In the research version of the PDI there was room to include one more skill or 
subtest to keep the test to 400 words (two sessions). The next skills on the list were y=/ī/ 
and y=/ē/. As both skills were viewed of equal importance and there was space to include 
one skill these skills were combined into one subtest.  
Item Selection 
Most words from the original PDI were retained in the research generated 
measure. A few items, based upon field testing and closer examination, served as poor 
exemplars of their respective skill categories. Some words, such as send, (representative 
of CVCC, ě) were excluded as the consonant immediately following “e”, “n”, distorts the 
ě in our dialect. Words found to be high frequency words, that represented the skill in 
question, but were likely taught by sight (e.g. see for “ee” = /ē/) were also excluded. Item 
pools generated from the CMU database were examined for replacement items and an 
additional ten items. Items were chosen in concert with procedures used to select the 
original ten.   
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Form Creation 
Items within most subtests, regular patterned closed syllable words excluded, 
were randomly assigned to one of two test forms. This was done to investigate the 
properties of 600 items so that all participants were exposed to exemplars of all skills but 
not all items. All regular patterned closed syllable words (VC, CVC, CVCC, CCVC and 
CCVCC) appeared on both forms. This increased the occurrence of “easier words” and 
also embedded linking items that could permit use of this data set in future studies.   
Item categories were reorganized into columns and then randomly assigned in the 
inventory. Placement of skill categories within the inventory was randomly assigned by a 
random number generator. Items included were also reexamined.  
Administration and Scoring 
Scoring directions remained consistent and data collectors were instructed to put a 
“/” through any words read incorrectly. Additionally data collectors, when time allowed, 
were encouraged to write what the participant said if they responded incorrectly.  
Following test administration, data collectors filled in the appropriate bubbles on the 
scantron form; “yes” when correct or “no” when incorrect and  tallied the number of 
correct items at the end of respective columns (See Appendix F for the answer sheet used 
in research). 
 Discontinuation rules as they appeared in PDI were disbanded. As data gathered 
were not for the purpose of student evaluation or intervention planning but for evaluation 
of item properties, discontinuation was inappropriate.  
 Finally, in the original version of the PDI after five seconds if the student had not 
responded, the examiner prompted the student. To be consistent with other reading CBMs 
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the investigator chose to adopt the three second rule employed by other popular 
measures.  
Item Response Theory 
In item Response Theory (IRT), an extension of nonlinear factor analysis, item 
difficulty is estimated independently of the sub-population assessed. As such, reliability 
is estimated at specific ability levels for subsections of a population facilitating 
estimation of conditional reliability and standard error of measurement (Lord, 1984). 
With IRT, reliability is estimated across ability for each item and test characteristics are 
estimated from item characteristics (e.g., item difficulty). Test construction can be 
created with regard to the population that the test will be used and information generated 
indicates the population for which the test is most reliable. Consequently, IRT facilitates 
test development for predetermined populations. This statistical technique was chosen to 
estimate item and test parameters for the PDI. 
In IRT, an examinee’s response patterns to a set of items permits the estimation of 
her/his ability level and respective item characteristics. From examinee response sets to a 
particular stimulus an item characteristic curve (ICC) generated illustrates the 
relationship of correct responses to an item and the level of ability to summarize the 
probability that students at various levels of θ will answer an item or set of items 
correctly. Ability, as discussed within context of IRT, refers to an individual’s mastery of 
a specific set of skills rather than an overarching inherent ability such as intelligence or 
IQ. Thus ability as it is described with IRT is fluid in nature or malleable (Hambleton, 
Swaminathan, & Rogers, 1991).   
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 Sound employment of item response theory rests upon two assumptions; 
unidimensionality and local independence. The assumption of unidimensionality 
postulates that when an individual correctly responds to an item it must be indicative of 
their ability on an overarching construct. Meeting the assumption of unidimensionality in 
its purest sense is impossible as many cognitive processes and abilities (test taking 
abilities, personality, motivation, etc. . .) are involved in most testing situations. To meet 
this assumption, proficiency on the overall skill in question must be the dominant factor 
in explaining performance (Hambleton et al. 1991). For instance on the PDI, it was 
assumed student proficiency in reading words presented is related to their proficiency in 
decoding targeted phonics skills  
A second assumption, local independence, postulates that examinees’ responses 
are independent from one another after controlling for the ability of interest. Similar to 
unidimensionality, this assumption also cannot be strictly met. Even after controlling for 
ability, it cannot be expected that an examinee’s responses to several test items are not 
correlated. Meeting this assumption rests on the confirmation of unidimensionality. If 
unidimensionality is met, then local independence is obtained. With these assumptions in 
mind, IRT is a mathematical expression of the relationship between ability and item 
responses.  
IRT Models 
One-, two-, and three-parameter models are the most popular models used with 
dichotomous data (i.e., scored correct or incorrect). While all models are effective, some 
are more effective than others under certain conditions. All models and the conditions 
under which they perform best are illustrated below. 
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The one-parameter model, also called the Rasch model is expressed as: 
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where P indicates the probability that a randomly chosen examinee with ability θ would 
answer item i correctly; bi represents item i difficulty level; n is the number of items; and 
e a transcendental number whose value is 2.718 (correct to three decimals). Pi (θ) is 
expressed as an S-shaped curve expressing the relationship between ability and the 
probability of a correct response across the ability scale (between 0 and 1). Item difficulty 
is the characteristic expressed in this model.  
In the one-parameter model, respondent ability and item difficulty are assumed to 
be the only characteristics influencing examinees’ responses. This model does not 
account for correct responses that can be made by chance. Consequently the one 
parameter model is not appropriate for selection oriented tasks where guessing is 
possible. Additionally, all items in this model are assumed to be equally discriminating 
and item discrimination is not examined.  
When evaluating an item characteristic curve (ICC) generated from this model, 
items with the greatest difficulty fall to the right or the high end of the ability scale, and 
easy items to the left or the low end of the ability scale (see Figure 2.1 below). Item 
difficulty parameter values typically range from -3 to +3; but in theory the b-parameters 
are boundless. Difficulty values of -3 are associated with easy items where as values of 
+3 are difficult.  
The two-parameter item response model is similar to the one-parameter; however, 
in this model both difficulty and discrimination are accounted for. The two parameter 
model is expressed as 
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where parameters Pi (θ) and bi are the same as the one-parameter model. D, a scaling 
factor, makes the logistic function close to a cumulative normal ogive model. Parameter 
ai, accounts for item discrimination (Hambleton et al. 1991). As in the one parameter 
model, the two parameter model does not account for correct responses generated by 
chance.  Thus use of this model for tests where correct responses due to guessing may be 
likely is not appropriate.   
  Item discrimination is represented by the level and steepness of an ICC slope in 
relation to difficulty on the ability scale. Items with steeper slopes perform better in 
distinguishing examinee ability than items with flatter slopes. Use of a two-parameter 
model typically used and is appropriate when the sample size is adequate (at least 500) 
and guessing is not a factor (Hambleton et al. 1991).   
The three-parameter model accounts for item difficulty, discrimination, and takes 
into account the probability that examinees may correctly answer items through guessing. 
This model is expressed as 
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where Pi (θ), bi,, ai, and D are the same as in the two-parameter model, and  
ci, is the pseudo-chance level parameter. Unlike the other models, the three-parameter 
model allows for the possibility of guessing. Low ability examinees may correctly guess 
responses without interfering with accurate estimation of ability. The three-parameter 
model is often an appropriate choice when analyzing responses to multiple choice 
questions and a sample size at or above 1,000. 
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As two- and three-parameter models account for more variance in responses they 
also require a larger sample size than the one-parameter model to adequately estimate the 
item parameters. The one-parameter model, accounts only for difficulty and can be 
estimated appropriately with fewer examinees. Even when items vary in discrimination 
slightly, the one-parameter model is justified when the sample size is small (Lord, 1983). 
When discrimination heterogeneity is expected the one parameter model is not 
appropriate.  The one parameter or Rasch Model will not account for this, thus item 
characteristics will not be appropriately accounted for. In the circumstance where a large 
sample is not available and discrimination heterogeneity is expected, similar to what is 
predicted in this study, the use of a modified one-parameter model or a modified Rasch 
model may be justified (C.S. Wells, personal communication, May 22, 2008). 
In the modified one parameter model, difficulty is estimated using the one-
parameter model but discrimination is estimated using a classical index, item corrected 
point biserial correlation (rpbi-c). The corrected point biserial correlation indicates the 
strength of an item’s relationship with the corrected total score (i.e., total score without 
the item of interest included). Items that present with a stronger relationship or 
correlation are better discriminating items, and items with poor correlations are less 
discriminating items.  Upon estimation of rpbi-c values, items may be categorized as low, 
moderate, and highly discriminating and assigned values representing low, moderate, and 
highly discriminating items (e.g., 0.5, 1.0, and 1.5, respectively). In a modified one-
parameter model, difficulty is estimated using IRT and discrimination was roughly 
estimated using rpbi-c. Again this model is an appropriate choice when sample size is 
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small but item discrimination is still an important factor (C.S. Wells, personal 
communication, May 22, 2008). 
Figure 2.1: Modified Rasch Model ICC Example 
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Illustrations of low, moderate, and highly discriminating items appear in Figure 
2.1. Discrimination of an item is indicated via the slope of the ICC. ICCs with a more 
pronounced slope perform better at discriminating between higher and lower ability 
examinees.  The more highly the item discriminates between examinees of different 
ability the higher the probability examines will perform commensurate with their ability. 
Therefore students of low ability (-2 to -3) are unlikely to perform well on a highly 
discriminating test and those of high ability (2-3) are more likely to perform well. Half of 
average examines with θ of 0 are more likely in the example above to get the item 
correct.  
An ICC with low discrimination, a = 0.5, does not distinguish well along the 
ability range as the slope does not change drastically along the ICC. In this example in 
Figure 2.1 examinees with very low ability (-3) still have approximately a 20% chance of 
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getting this item correct. The ICCs with moderate discrimination, a = 1, outperforms 
those with low discrimination.  On moderately discriminating items, as evident in Figure 
2.1 the curve is steeper. The steep slope of the highest discriminating items illustrates 
superior discrimination between students of higher and lower ability. The slope 
dramatically rises between -1 to 1. Students at the lower end of the ability range (-3 to -2) 
have a very low probability of answering this item correct whereas those on the higher 
end are very likely to get this item correct (95-100%).   
The θ at which the ICC crosses 0.5 indicates the difficulty of an item. Items where 
the ICC crosses 0.5 at -2 are far easier than those where it crosses θ at 1. Highly 
discriminating items would have a steep slope crossing 0.5 at 2 or above. ICCs with low, 
moderate and high discrimination are presented in Figure 2.1 
Test Construction using IRT 
 According to Lord (1977) once the characteristics of items within a particular 
item bank have been examined with IRT, several steps are then necessary to create a test. 
First, test constructors are instructed to first decide a priori the shape of the desired test 
information function, also known as the “target information function.” These are 
typically items that best discriminate well at a particular region of the ability continuum. 
This allows for maximum information (reliability) for a certain subpopulation along the 
continuum of ability. This is desirable when designing a test to screen for a particular 
group of examinees such as those who have mastered a particular area or those who may 
require additional assistance.  
 Once this is completed, the items within the pool are again reviewed to find those 
that best match the overall purpose of the test. After selection of the best items all these 
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item information functions are added to create the test information function. Test 
information is an approximation of test reliability and is a visual representation of how 
well a test estimates ability over the range of ability scores. This is often established a 
priori and varies based on the group targeted and their ability level for which the test is 
intended. Where the test information curve is highest, the test has the best reliability at 
that ability level. Low points of the test information curve indicate less reliability at that 
ability level.  
Figure 2.2 illustrates three tests with different test information functions. The test 
illustrated by the broken line has the highest information of all of the tests for examinees 
at the high end of the ability scale. This test is most reliable for use with the higher ability 
population, and has low reliability with individuals with low ability. The test illustrated 
by the solid black line is most reliable for use with individuals in the lower ability range 
and is least reliable when used with individuals in the high ability range. These two tests 
illustrate how test reliability is not consistent across the ability scale. The test illustrated 
by the solid grey line has poor test information across all abilities, as there is barely a 
curve to this test and it is low on the y axis.  
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Figure 2.2: Test Information Illustration 
0
2
4
6
8
10
12
14
16
18
-3 -2 -1 0 1 2 3
Ability on Test Content
Te
st 
In
fo
rm
at
io
n
 
Secondarily, at the test level, test characteristic curves (TCC) are used to 
transform ability scores into true scores and are an estimate of test form difficulty. 
Instead of indicating the probability that an individual will get the item correct given 
her/his ability level, the TCC estimates the true score given an individual’s ability. TCCs 
are created by evaluating the probability of correct response at each ability level for all 
the items in a test given the item characteristics. TCC does not depend on the distribution 
examinee’s ability scores, as these are estimated given the data collected at each level. 
The middle of the true score is an estimate of test difficulty in numerical terms.  The 
slope of the test characteristic curve can only be defined in verbal terms as there are no 
parameters for this curve.  
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Figure 2.3: TCC Illustration 
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Figure 2.3 illustrates three tests with different TCCs. The test represented by the 
solid line does not yield vastly different scores for individuals across the ability range. 
The average score for this test is approximately 25; however, the predicted true score 
range is only ten points for this test. The test illustrated by the dotted line has a greater 
range and better distinguishes individuals given their ability. The test illustrated with the 
grey line does not distinguish individuals given their scores on the lower end of the 
ability scale, however, the TCCs are vastly different from zero to the upper ability range. 
The range of this test is great but not equal across the ability range. 
In summary, the item characteristic and test level parameters are all important in 
test development. TCC will allow you to estimate cut scores at a chosen ability level. If 
one wanted a broad test, one might choose items that have high information across most 
of the ability level. If one wanted a narrow band test to distinguish individuals who are at 
nearly the same level on the ability scale, test information should be maximized at the 
point at which the examinees ability lies.   
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CHAPTER 3 
METHOD 
This chapter describes research methods employed to establish the reliability of 
items for potential inclusion in the PDI. Participants and research settings are first 
described then the development and a brief description the research generated PDI is 
provided. Additional information regarding the construction of the PDI may be found in 
Chapter 2. 
Participants and Setting 
Second grade students from five elementary schools in urban Central 
Massachusetts schools were recruited for participation. Four elementary schools in the 
same district were recruited; however, one declined. Another Central Massachusetts 
urban school participated. Superintendents and Principals of schools invited to participate 
were provided with a presentation on the study and a written summary. The four 
participating schools disseminated consent forms to families of potential participants in 
English and in Spanish (See Appendix F). Assent was implied.  If consent forms were not 
returned, consent was assumed. All participating schools regularly employ curriculum 
based measurement/assessment for screening, diagnostic, and monitoring purposes and as 
such study data collection was viewed as an extension of general education assessment 
procedures. All schools also employed the same research based core literacy program, 
Scott Foresman Reading Street (Scott Foresman Reading, 2007). Three hundred fifty-
three students ultimately participated in the study with 29 declining participation and 
another 35 were absent, had moved, or were included in testing but their data were not 
kept as they had not met inclusion criteria illustrated below.   
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All second grade students invited to participate in this study participated in the 
general education core reading curriculum. Data of students classified as Non-English 
Proficient (students who exhibit minimal to no English speech production, have minimal 
comprehension of English, and depend heavily on context for comprehension of English) 
and students receiving special education services under the category of intellectual 
impairment or were in substantially separate placements for the majority of their school 
day were not utilized in data analyses.   
Participating schools shared 2007-2008 demographic data. Data for the three 
schools from the same school district were as follows: One hundred and twenty second 
grade students were enrolled in the first school and consisted of 47% White, 40% 
Hispanic, 7% Black, 5% Asian, and 1% American Indian. Additionally, 58% of the 
students from this school were eligible for the free or reduced-price lunch program. In the 
second school, 146 students were enrolled with  38.3% of students indicated as White, 
5.2% Black, 58% Hispanic, 6.5% Asian, 0.1% Native American, 0.3% Native 
Hawaiian/Pacific Islander, and 3.8% Multi-Race/Non-Hispanic. Sixty-two percent of the 
students in this school were eligible for the free or reduced-price lunch program. The 
final school in this district had 73 second grade students enrolled with 46.5% White, 
5.2% Black, 37% Hispanic, 0.2% Native American, 0.2% Native Hawaiian/Pacific 
Islander, 3.5% Multi-Race/Non-Hispanic, and 7.4% Asian or Pacific Islander students. 
Approximately 59% percent of the students in this school were eligible for free or 
reduced-price lunch program. The last participating school located in another district, had 
78 students in grade two. Of the second grade students enrolled in this school 13.6% were 
White, 31.4% Black, 1.3% Asian, 48.2% Hispanic, 0.3% Native American, and 5.2% 
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Multi-Race/Non-Hispanic. Approximately 75% percent of students in this school 
participate in the free or reduced-price lunch program. The state average of students who 
receive free or reduced-lunch is 29.5%. 
Measure 
Currently a number of instruments exist that reliably and accurately assess 
specific phonic skill deficits in students. The PDI was created to provide reliable 
diagnostic information regarding student decoding ability (PDI:  Koerner et al. 2006) and 
to inform instruction. The PDI, is comprised of 86 subtests, generated from an analysis of 
four research based literacy programs, Trophies (Harcourt School Publishers, 2004), The 
Nation’s Choice (Houghton Mifflin, 2003), Open Court (SRA/McGraw-Hill, 2002), and 
Scott Foresman Reading (Scott Foresman Reading, 2004), was designed and intended to 
identify specific phonic skill deficits in a student’s word reading repertoire. As previously 
indicated, the PDI was altered to meet study objectives and in accordance with financial 
and time restrictions.   The number of skill categories investigated was decreased to 32 
and the number of items represented by each skill was doubled from 10 to 20. Skill 
categories were randomly placed within the research generated probes. 
Administration directions were preserved with few exceptions. First, testing of 
students was not discontinued on any tasks unless the student requested that testing stop 
or if student frustration was evident. In the event this did occur, examiners were 
prompted to ask the student if they wished to discontinue altogether or if they would like 
to continue testing on another day. As the elimination of discontinuation rules and the 
inclusion of young participants may add to the risk of frustration during data collection, 
assent was obtained.  
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Second, if a student hesitated on a single word for five seconds, directions in the 
PDI indicate examiners should prompt the student to move on. To be consistent with 
other CBM measures this was changed to three seconds. At this point the examiner, at the 
recommendation of those consulting on this project, would prompt students to “take your 
best guess or move on.”   
Third, it was anticipated that some students of lower ability would discontinue if 
the PDI was presented in its current order. Consequently the order in which skill 
categories appeared changed. The hierarchical order was disbanded and categories 
randomly assigned within the two forms and the pages within each form counterbalanced. 
Forms were randomly assigned to participants.  
Data Collector Training 
The primary investigator and a designee trained all data collectors. Data collectors 
were school psychology graduate students, teachers, administrators, undergraduate 
special education students, retired teachers, and other volunteers. Training on 
administration and scoring of the measure occurred during one session. In this session 
individuals practiced administration and scoring along with videos of children taking the 
PDI. The lead administrator and participants during each training session compared 
scores at the end of each video. Each data collector scored along with video tapes until 
95% inter-rater agreement was obtained. All data collectors were provided with manuals 
for administration and scoring of the PDI. 
Interrater Agreement  
Interrater agreement was assessed by the primary investigator and another 
investigator to check for integrity of administration and scoring and to prevent observer 
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drift (Reid, 1970; Taplin & Reid, 1973). Fourteen and one-half percent of all testing 
sessions were recorded with an audio tape. Audio tapes were then submitted to the 
investigator or designee who then scored along with tapes. Average agreement was 92% 
with a range of 57% to 99%.    
Scantron forms were utilized to record student responses to items. Scoring of 
probes was double checked during scanning. Scoring agreement was calculated using 
point-by-point agreement and calculated by dividing the number of agreements by the 
number of agreements plus disagreement and multiplying by 100 (House, House & 
Campbell, 1981). The mean agreement percentage was 99.97%. 
Procedure 
Data were collected over a period of 11 weeks in January-March 2008. Three 
hundred and fifty-three students were exposed to 400 out of 640 items in two alternate 
formats. All students were presented items in one of two alternate forms of which 
included 400 words (20% of items overlapping between forms). Regular patterned words 
(CVC, CVCC, CCVC, and CCVCC) were chosen as linking items provided their 
frequent appearance in texts and thus importance to subsequent growth in reading.   
Pages 1 through 4 (200 items) were typically introduced in the first session and 
then pages 5 through 8 (second 200 items) in the second session. To reduce systematic 
bias, students were randomly assigned to one of two forms (A or B) and to reduce bias 
due to possible test fatigue, each form had 4 formats for each session counterbalancing 
the order of pages. One out of every four of respondents to Form A and B saw the words 
with the pages in the order of 1, 2, 3, and 4; 25% saw the pages in the order of 2, 3, 4 and 
1; 25% saw the pages in the order of 3, 4, 1, and 2; lastly 25% saw pages in the order of 
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4, 1, 2, and 3 in Session I (the first 200 words). The presentation order of pages remained 
the same with session II materials.   
Data collectors followed the administration and scoring as previously instructed 
and asked questions to the primary investigator as needed. Sessions ranged from an 
estimated 10-40 minutes and were on average 25 minutes. 
Research Design 
 Preliminary analyses of data collected consisted of classical item discrimination. 
This entailed application of a corrected point-biserial correlation (rpbi-c) to remove low or 
negatively discriminating. Items with rpbi-c’s < 0.25 were removed for one of several 
reasons. First, some items were negatively correlated with remaining items. Items where 
the probability of a correct response was inversely related to ability were eliminated. This 
investigator also eliminated items that discriminated poorly between students of high and 
low ability. On these items students of high and low ability had similar to equal 
probability of producing a correct response. Finally, items that yielded no discriminative 
information between participants because they all answered them correct or incorrect 
were excluded.   
A modified Rasch Model was used to estimate the b-parameter using the 
computer program MULTILOG (Thissen, 2003). The a-parameter estimates were fixed 
to one of three values (0.5, 1.0, and 1.5) depending on the item’s rpbi-c . All items within 
each of the separate tests were examined for their discriminative powers and difficulty for 
information and at what point information was maximized for each item.   
Using item characteristics (i.e., item difficulty and discrimination), 32 separate 
tests, representing 32 different orthographic patterns were created first using the ten best 
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performing items for each subtest. The “best” items were identified based on the amount 
of information each provided with respect to the specific skill (note that item information 
may be thought of as reliability). Another set of thirty-two tests representing the same 
orthographic patterns were again created using ten random items. The purpose of 
comparing the systematically-constructed tests to the randomly-constructed tests was to 
illustrate the advantage of using item statistics in building a test. Adding item information 
and the item characteristic curves for each of the 64 tests, test information and test 
characteristic curves (TCC) were respectively generated for each of the 32 skill 
categories. When creating test characteristic curves, first the TCC for the five best items 
was generated followed by the next best five items, and subsequently the total test 
characteristic curve for each phonic element. Test information and test characteristic 
curves enabled the examination of test reliability and difficulty.   
Monte Carlo simulation techniques were then employed to examine the decision 
accuracy given the scoring criterion of PDI (i.e. a student is identified as requiring 
additional help if s/he answers less than four of the first five items correctly and less than 
eight of the total ten items correctly). Data were simulated to represent 10,000 students 
who respectively scored from 0 to 10 on the ten items; that is, item responses for 10,000 
students were generated for each test score. Simulation of examinee’s permitted the 
investigation of how reliably predetermined cut-scores identified students in need of 
assistance versus those not in need. More specifically, this technique estimated the 
probability of  incorrectly identifying students who would be in need of help but would 
not be identified as needing such and then the proportion of students who were not in 
need of assistance as needing assistance. The statistical software package R was used to 
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generate the simulation and determine how often an examinee was classified correctly or 
incorrectly given the PDI scoring procedures. 
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CHAPTER 4 
RESULTS 
The primary intent of this research was to examine the reliability of the PDI 
(Koerner et al. 2006). Other goals included employing difficulty and discrimination 
characteristics to (1) recommend elimination of items/subtests with poor discrimination, 
(2) reconstruct subtests to maximize reliability, and (3) identify with whom each subtest 
was most reliable. Finally an examination of cut-scores was conducted to determine the 
reliability with which current cut-scores identified students in need of support was 
proposed. Using an item pool generated using the Carnegie Melon Linguistic Database 
(CMU, 2006), IRT was used to identify the most reliable items representing targeted 
phonic elements. Following this, Monte Carlo simulation procedures were used to 
examine the reliability with which decisions would be made using previously established 
cut-scores.  Collected data were analyzed using MULTILOG (Thissen, 2003), Statistical 
Package of the Social Sciences, Release 12.0 (SPSS 12.0), Microsoft Excel 2007, and R. 
Results 
Preliminary Analysis 
Preliminary analyses of data consisted of calculating the corrected point biserial 
correlation (rpbi-c) to eliminate items that were negatively or poorly correlated with other 
items, to eliminate items that all participants responded correctly and/or incorrectly to, 
and to aid in assigning item discrimination parameters. Based upon this first analysis, any 
items with rpbi-c’s less than 0.25 were removed. Out of 640 initial items analyzed, 95% or 
608 remained. The histogram in Figure 4.1 illustrates the distribution of rpbi-c’s  
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Following this, item discrimination parameters were estimated using a corrected 
point biserial correlation (rpbi-c) and were characterized or grouped into low, moderate, 
and high discriminating categories.  Items with an rpbi-c < 0.4, categorized as low and 
were assigned a fixed alpha of 0.5. Moderately discriminating items, rpbi-c values between 
>0.4 and <0.6, were assigned alpha values of 1.0. Finally, high discrimination items, 
characterized as items with rpbi-c’s ≥ 0.6, were assigned a 1.5 alpha value. Twenty-three 
percent (143 items) of items were identified with low discrimination; 56% (339 items) 
moderate; and 21% (126 items) as highly discriminating items respectively. The 
distribution, with estimated alpha levels, is illustrated in Table 4.1. Most items fell in the 
moderate discrimination category with remaining items fairly evenly distributed between 
the low and high categories. Items were then regrouped into their respective phonic 
element and their discrimination characteristics are summarized by category in Appendix 
G. Identification of item discrimination now permitted estimation of item difficulty. 
Table 4.1: PDI Item Discrimination Characteristics 
 
Discrimination 
 
Fixed α 
 
Frequency 
 
Percent 
Low α 0.5 143 23 
Moderate α 1.0 339 56 
High α 1.5 126 21 
 
Item Difficulty 
Item difficulty was estimated using MULTILOG (Thissen, 2003). Difficulty 
ranged from -9.18 to 4.94 with average estimated difficulty of -1.55, falling well-below 
the middle of the ability scale. The range and mean illustrated in table 4.2 indicates that 
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the preponderance of items fell at the lower end of the ability scale with very few items at 
the high end of the ability index.   
Figure 4.1.PDI Histogram Illustrating Original Item Discrimination Distribution 
 
 
Table 4.2: Item Difficulty Characteristics 
 
Difficulty N Range Minimum Maximum Mean SD 
ß 608 14.12 -9.18 4.94 -1.55 1.96 
 
Item information graphs were then generated to illustrate the performance of all 
items. Items with the highest “slope” had the most information or were the most reliable. 
Where the crest of the distribution crossed θ indicated for what ability level each item 
was most reliable. Although the ability level of most items was relatively similar, Figure 
4.2 illustrates item discrimination varied across items. The highest information curve 
appears for the item “speech” whose information approaches 0.6 at θ of -1.46. This item 
is far more discriminative/reliable than the remaining items and this item will be most 
0.25 
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reliable for individuals at the -1.4 ability level. The curve representing the skill “green” 
hugs the bottom of Figure 4.3 illustrates a very poor item with little reliability. This item 
does not discriminate well between individuals at any ability level.   
In examining these graphs many skill areas converged with the item information 
functions overlapping. This suggested these items functioned similarly, in that they were 
of similar difficulty and discrimination. However, in a few tests, for example y=/ī/ & /ē/ 
(Figure 4.4), there was a large disparity between the performance of items. Many skills 
representing y=/ī/ proved to be very difficult appearing to the right of the ability 
continuum with a mean b= 2.54 where as y=/ē/ fell more towards the middle of the 
continuum with a mean b of 0.006. In some instances, there were some items that 
appeared as outliers like the word “gem” illustrated in CVC(ě) (see Figure 4.3) but with 
the majority of other items converging. In this case the soft sound of /g/ in gem seemed to 
confound results. It is hypothesized that the outlying difficulty of gem was influenced by 
this feature of the word rather than it being a function of the intended pattern and vowel 
sound (See all item information functions by subtest in Appendix H).  
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Figure 4.2 – Item Information Function for the Skill “ee” 
  
Information garnered from this procedure not only illustrated descriptive characteristics 
required for other steps but also provides cues  as to what items/skills may not be 
appropriate for inclusion in a final inventory due to confounding variables. Disparate 
curves may serve as cues as to which items may not be measuring the skill intended (such 
as “gem”); however, convergence does not necessarily confirm that they are.  
Figure 4.3 – Item Information Function for Skill CVC(ě) 
 
green 
speech 
gem 
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Figure 4.4 Item Information Function for Skill y = /ī/ & /ē/ 
 
Test Construction 
Thirty-two tests representing 32 skills were created through random selection of 
items from their respective item pools. Then using item discrimination and difficulty 
parameters, 32 tests were generated by selecting the “best” items, or items that provided 
the most information across the ability scale and were of the targeted difficulty level. 
These procedures were employed to statistically illustrate the advantages of methodically 
selecting items that met test objectives and appeared most reliable. Upon completion of 
item selection, test information graphs were generated to illustrate the value added 
through these hand selection procedures. Figures 4.5 and 4.6 illustrate the tests 
constructed for the “oi” skill (e.g. moist) with random and hand-picked items.  Test 
information or reliability for hand-picked or “Best Items” maximizes at about 4.41 and a 
θ of -0.5 whereas the information on the test constructed of randomly selected items 
approaches 3.75 at a θ of -0.6. On both tests the most information is yielded for 
individuals with a θ slightly below 0. Maximum information (indicated by the highest 
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part of the curve) is gained for individuals who fall at about -0.5 on the “Best Items” test 
and at -0.6 on the randomly selected test.   Both tests illustrate this skill provides less 
information on individuals whose abilities fall further above or below these ability levels.  
Figure 4.5: Skill Category “oi” Test Information of Selected “Best” Items 
 
Figure 4.6: Skill Category “oi” Test Information for Randomly Selected Items 
 
Additional figures representing all phonic elements may be viewed in Appendix L. This 
information may also be viewed in tabular format in Tables 4.5 and 4.6.   
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Table 4.6 illustrates the test information characteristics from which the 
information curves are generated. It is through the item difficulty and discrimination test 
information is computed. The mean b’s and a’s illustrated by subtest within this table 
provide a comparative illustration of the progression of test development; from a test 
constructed of all initial items, one constructed of 10 randomly selected items to one 
created from the 10 best items.   
As was indicated in Chapters 1 and 2, and illustrated in Figures 4.5 and 4.6, 
handpicking items permits the development of tests that maximize information/reliability 
for an intended group. All tests in the PDI represent relatively “easy tests” with 
maximum information presenting at a θ below 0. The only exception to this, y=/ī/ & /ē/ 
was slightly above a θ of 0.   
Some skills were very easy with their mean difficulty falling -4 to -2 (most 
regular patterned CVC words (excluding CVC[ŏ] and “ar”). This would suggest these 
items would best perform with the most struggling students; however, all regular 
patterned CVC tasks did not discriminate well. This translates into relatively little 
information at the point of maximum reliability and as such these skills would not 
separate between students who knew the skill and those who did not. This was indicated 
by discriminative values at or below 0.80. CVC(ŭ) was one notable exception with 
discrimination at 1.20. These skills (CVC[ă], CVC[ĭ], CVC[ŏ] and CVC[ě]) were the 
most poorly functioning skills (least reliable) of all skills targeted. The only other skill 
that performed as poorly, but was not quite as easy, was “ow”=/ō/ with a discriminative 
value of 0.85. This suggests that the CVC skills (except CVC[ŭ]) and “ow”=/ō/ provide 
little information or will be the least reliable tests with mid-year second grade students. 
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Overall the majority of subtests performed within a moderately discriminating range (25) 
with two highly discriminating tests and five low performing. This indicates most tests 
will provide adequate reliability at the point of maximum information with two tests 
providing excellent discrimination (“ai” & “ea”) (see Table 4.4).  
Table 4.3: The Distribution of Mean Difficulty Characteristics by Subtest 
 
Difficulty 
 
β<-3.0 
 
-3.0≤β˂-2.0 
 
-2.0≤β˂-1.0 
 
-1.0≤β˂0 
 
β≥0 
 Easiest   More Difficult 
Skills CVC(ě), CVC(ĭ) 
CVC(ă), 
CVC(ŭ), ar, 
CVC(ŏ), CCVC, 
CVCC, CCVCC, 
Compound, 
CVCe(ā), 
CVCe(ī), ir, or, 
ay, ee, ow 
2 Syllable, 
CVCe(ō), 
CVCe(ū), 
er, ur, ai, 
y=i&e, oa, 
oi, oy, ew, 
ou, oo, ea 
open 
syllable 
n 2 3 12 14 1 
 
Table 4.3 illustrates the elements sorted by difficulty. Easier elements are 
represented and sorted under the β˂-3.0 column whereas relatively more difficult items 
were listed under the β≥0 column. Table 4.4 illustrates elements sorted by discrimination. 
Elements with poor or low discrimination are listed under the Low Discrimination 
column with mean discrimination values between 0 and 1.0, those with moderate 
discrimination are listed in the column with values equal to 1.0 to 1.5 and those with 
High Discrimination had values equal to or above 1.50.  
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Table 4.4: The Distribution of Mean Discrimination Characteristics by Subtest 
 
Discrimination 
 
Low Discrimination 
 
Moderate 
Discrimination 
 
High Discrimination
Skills CVC(ă), CVC(ě), CVC(ĭ), CVC(ŏ), ow 
CVC(ŭ), CCVC, 
CVCC, CCVCC, 2 
Syllable, 
Compound, 
CVCe(ā), CVCe(ī), 
CVCe(ō), CVCe(ū), 
ar, er, ir, or, ur, ay, 
ee, y=/ī/  & /ē/, oa, 
oi, oy, ew, ou, oo, 
open 
ai, ea 
n 5 25 2 
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Table 4.5: PDI Test Information Characteristics by Examined Test Configurations 
Test   All Items 10 Random Items 10 Best Items 
Phonic 
Element 
Overarching Skill 
Set 
Mean 
Discrimination 
Mean  
Difficulty 
Mean 
Discrimination 
Mean  
Difficulty 
Mean 
Discrimination 
Mean  
Difficulty 
CVC(ă) 
Simple CVC Short 
Vowel Patterns 
0.69 -3.71 0.75 -3.49 0.80 -2.76 
CVC(ě) 0.61 -0.35 0.55 -3.82 0.55 -3.46 
CVC(ĭ) 0.57 -4.26 0.60 -4.06 0.60 -3.54 
CVC(ŏ)   0.66 -2.94 0.70 -3.15 0.75 -1.83 
CVC(ŭ) 
 
0.59 
 
-4.07 
 
0.55 
 
-4.28 
 
1.20 
 
-2.79 
 
CCVC 
More Complex 
Regular Patterned 
Words 
0.78 -2.41 0.75 -1.90 1.00 -1.73 
CVCC 0.93 -2.05 0.95 -1.47 1.00 -1.42 
CCVCC 0.95 -1.99 1.05 -1.50 1.05 -1.39 
2 Syllable 1.23 -0.69 1.20 -0.68 1.40 -0.35 
Compound 
 
1.00 
 
-1.88 
 
1.00 
 
-1.99 
 
1.15 
 
-1.45 
 
CVCe(ā) 
CVCe Long Vowel 
Patterns 
1.13 -1.68 1.15 -1.61 1.25 -1.02 
CVCe(ī) 1.05 -1.81 1.10 -1.14 1.25 -1.02 
CVCe(ō) 0.98 -0.83 1.00 -0.84 1.00 -0.77 
CVCe(ū) 
 
1.08 
 
-0.22 
 
1.15 
 
-0.67 
 
1.20 
 
-0.14 
 
ar 
R-Controlled 
Vowel Patterns 
0.97 -2.42 1.00 -2.18 1.05 -2.05 
er 1.20 -0.98 1.30 -0.26 1.40 -0.57 
ir 1.08 -1.71 1.05 -1.87 1.10 -1.23 
or 0.97 -2.88 0.95 -3.23 1.20 -1.61 
ur 
 
1.25 
 
-0.72 
 
1.30 
 
-0.91 
 
1.45 
 
-0.60 
 
 
Continued on next page 
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Table 4.5: PDI Test Information Characteristics by Examined Test Configurations, continued 
Test   All Items 10 Random Items 10 Best Items 
Phonic 
Element 
Overarching Skill 
Set 
Mean 
Discrimination 
Mean  
Difficulty 
Mean 
Discrimination 
Mean  
Difficulty 
Mean 
Discrimination 
Mean  
Difficulty 
ai 
Vowel Teams 
1.30 -0.65 1.30 -0.91 1.50 -0.90 
ay 0.94 -2.71 1.25 -0.53 1.10 -1.86 
ee 0.90 -2.76 0.95 -2.49 1.05 -1.68 
ea 1.28 -1.17 1.20 -1.46 1.50 -0.84 
oa 1.18 -0.71 1.20 -0.72 1.35 -0.90 
oo 0.97 -1.35 0.95 -1.15 1.15 -0.69 
ew  1.15 -0.42 1.10 -0.29 1.45 -0.56 
ow 
 
 0.72 -1.84 0.70 -1.35 0.85 -1.78 
oi 
Vowel Diphthongs 
1.21 -0.08 1.25 -0.28 1.40 -0.31 
oy 1.03 -0.86 1.10 -0.94 1.25 -0.28 
ou 
 
1.00 0.20 0.95 -0.16 1.15 -0.12 
y=/i/&/e/ 
 Other Vowels 
0.92 
 
1.21 
 
0.85 
 
1.26 
 
1.15 
 
-0.12 
 
open Open 2-Syllable 1.00 0.46 0.95 0.21  
1.20 0.08 
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Table 4.6: Hierarchy of Phonics Skills Based on Research Based Programs and Test Characteristics 
Test  TCC Characteristics Test Information 
Characteristics 
Hierarchy 
Phonic 
Element 
Mean 
Discrimination 
Mean  
Difficulty 
Maximum 
Information 
Ability PDI Ability at 
Maximum. 
Information 
Mean 
Difficulty  
CVC(ă) 0.80 -2.76  1.65 -2.10  1 3 4 
CVC(ě) 0.55 -3.46  0.76 -2.80  2  1 2 
CVC(ĭ) 0.60 -3.54 0.89 -2.30 3 2 1 
CVC(ŏ) 0.75 -1.83 1.37 -1.10 4 14 7 
CVC(ŭ) 
 
1.20 
 
-2.79 
 
1.07 
 
-2.00 
 
5 
 
4 
 
3 
CCVCa 1.00 -1.73 2.35 -1.70 6a 7 9 
CVCCa 1.00 -1.42 2.39 -1.50 6a 10 13 
CCVCCb 1.05 -1.39 2.69 -1.30 b 12 14 
2 Syllable 1.40 -0.35 4.36 -0.30 b  28 26 
Compound 
 
1.15 
 
-1.45 
 
2.98 
 
-1.40 
 
b 
 
11 
 
12 
CVCe(ā) 1.25 -1.02 3.58 -1.00 7 15 17 
CVCe(ī) 1.25 -1.02 3.73 -1.20 8 13 16 
CVCe(ō) 1.00 -0.77 2.47 -0.90 9 18 21 
CVCe(ū) 
 
1.20 
 
-0.14 
 
3.49 
 
-0.20 
 
10 
 
32 
 
28 
ar 1.05 -2.05 2.34 -1.90 11 5 5 
er 1.40 -0.57 4.74 -0.50 13 26 24 
ir 1.10 -1.23 3.10 -0.90 14 17 15 
or 1.20 -1.61 3.47 -1.60 12 8 11 
ur 1.45 -0.60 5.11 -0.60 15 24  23 
Continued on next page 
a tests were not in the same format in the PDI 
b tests did not appear in the PDI 
c ranking was shared with another item 
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Table 4.6: Hierarchy of Phonics Skills Based on Research Based Programs and Test Characteristics, continued  
Test  TCC Characteristics Test Information 
Characteristics 
Hierarchy 
Phonic 
Element 
Mean 
Discrimination 
Mean  
Difficulty 
Maximum 
Information 
Ability PDI Ability at 
Maximum 
Information 
Mean 
Difficulty  
ai 1.50 -0.90 5.17 -0.70 18 21 19c 
ay 1.10 -1.86 2.73 -0.70 21 22 6 
ee 1.05 -1.68 2.65 -1.60 16 9  10 
ea 1.50 -0.84 5.13 -0.80 17 19  20 
oa 1.35 -0.90 4.37 -0.90 20 16  18c 
oo 1.15 -0.69 3.07 -0.80 22  20 22 
ew 1.45 -0.56 4.93 -0.60 26 25 25 
ow 
 
0.85 -1.78 1.69 -1.80 25 6 8 
oi 1.40 -0.31 4.42 -0.40 28  27 27 
oy 1.25 -0.28 3.82 -0.20 27  29 28 
ou 1.15 
 
-0.12 
 
3.11 -0.20 23 
 
 30 
 
30c 
y=/i/&/e/b 
 
1.15 
 
-0.12 
 
2.82 
 
-0.70 
 
19&24b 
 
 23 
 
29c 
open 1.20 0.08 3.27 0.20 
 
b  31 32 
a tests were not in the same format in the PDI 
b tests did not appear in the PDI 
c ranking was shared with another item 
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Test Characteristic Curves  
 Test Characteristic Curves were then constructed using the first five “best” items, 
the next five items, and finally the total “best” items. These are all illustrated in Appendix 
I.  Figure 4.7 illustrates the TCC’s for phonic element “ea” representing the /ē/ sound as 
in bead. The slopes of respective lines are synonymous with item discrimination. Where 
the curve connects the x to the y axis illustrates the test’s difficulty (indicate the projected 
number of items correct or estimated true score) at each ability level or θ. The first line, 
represented by the dashed line, illustrates the “First 5” or best items. These items were 
chosen based upon their respective discriminative power and difficulty. As is illustrated 
below, the slope of this item characteristic curve is steeper than the second black solid 
curve or the “Next 5” items. 
Figure 4.7:  “ea” Test Characteristic Curve 
 
This steeper slope of the first five items illustrates why these items are preferred. The 
steepness of the slope indicates as a collective group these items will perform better when 
discriminating between students who have mastered the “ea” skill and those who have 
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not. The curves demonstrate their respective contributions to the overall test and the value 
added by combining the two. 
The TCC illustrated in Figure 4.7 indicates individuals with low ability (θ=-2.4) 
on “ea” patterned words are expected to answer one word correct on this test.  Students of 
moderate ability level of 0.0, a predicted true score is approximately 7.5, and at the high 
ability level of 3.0 their true score approaches 10.  
The hierarchy in which skill categories were originally presented was based upon 
the aggregate presentation of these skills in research based programs. The best tests’ 
mean difficulty was first employed to rank order subtests. Then tests were rank ordered 
again by the point on the ability scale where maximum information was realized. While 
the two are highly correlated with a Spearman rho correlation of 0.92 differences are to 
be expected (See scatterplot in Figure 4.8). Ordering by mean subtest difficulty is 
straightforward; however, where on the ability continuum maximum information is 
realized is influenced by both difficulty and test discrimination. 
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Figure 4.8: Scatterplot Representing the Relationship Between Research 
Generated Subtest Ordering 
 
The final three columns in Table 4.6 illustrate the initial PDI organization 
compared to these two hierarchies. When comparing hierarchies, some skills were in the 
same relative order such as the CVC(ě, ĭ, ŭ, and ă) tests whereas other skills changed 
their standing such as CVC (ŏ) moved from 4 to 14 and 4 to 7, from an assumed easier to 
a more difficult skill. The “ar” test moved from an assumed more difficult skill to an 
easier skill, from 11 to 5. Also noteworthy, many skills typically taught together in a 
scope and sequence, such as r-controlled vowels, were not found to be of similar 
difficulty as was assumed in the original hierarchy. These skills were dispersed 
throughout the range of the 32 skills with skills falling at 5 (“ar”), 8 (“or”), 17 (“ir”), 24 
(“ur”) and 26 (“er”) (See Figures in Appendix L and Appendix M).   
ay 
CVC(ŏ) 
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Monte Carlo Simulation of Data: Decision Accuracy 
Monte Carlo simulation procedures in conjunction with reliability analyses were 
employed to determine the likelihood of misclassifying student support needs based upon 
the recommended cut-scores from the PDI. Monte Carlo simulation methods employ a 
class of algorithms for sampling from probability distributions in which the trajectories of 
preexisting data sets are observed and then data are simulated to replicate their actions.   
Data were simulated for an additional 10,000 respondents for each item at each 
expected raw score. The proportion of the 10,000 students that “passed” the PDI measure 
(i.e., scored 4 or 5 on the first five items or 8 on the full ten items) was computed for each 
expected raw scores. The proportion of students for each expected raw score that were 
identified as needing remediation were also computed. The proportions essentially 
indicate how often a student was correctly or incorrectly classified as needing additional 
assistance.  
Table 4.7 reports the proportions for each expected raw score that “passed” 
(middle column) or “failed” (right column) for the “er” skill. For example, of the students 
who were expected to answer 2 items correctly, all of them (100%) were correctly 
identified as needing remediation according to the PDI scoring procedure. However, for 
students who were expected to answer 5 out of 10 items correctly (and, thus, should be 
identified as struggling), 87% were identified as needing remediation. Therefore, 13% 
were not identified as struggling when using the PDI scoring procedure with these set of 
items. It is clear that the probability of misclassification increased as the expected raw 
score approached the PDI cut. For example, of those that were expected to answer 8 out 
of 10 items correctly and thus “pass” according to the PDI scoring rules, only 48% 
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actually scored well-enough to “pass.” Therefore, 52% were falsely classified as needing 
remediation. 
Tables 4.7:  Proportion of Students Above or Below Cut-score on the “er” Skill 
True 
Score 
Proportion Scoring 
8 or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.05 0.95 
5 0.13 0.87 
6 0.27 0.73 
7 0.46 0.54 
8 0.48 0.52 
9 0.96 0.04 
10 1.00 0.00 
 
 Table 4.8 illustrates simulation results for CVCe(ī). This skill is an illustration of 
where the pre-established cut scores established for the PDI performed best at the cut.  
The middle column in Table 4.8 illustrates the proportion of students that should have 
earned a passing score at each ability level that actually did. Of students that are at the 
ability level “8”, the level of the prescribed cut, 0.97 or 97% of students that were 
supposed to meet the cut did. In order to fall at “ability” level 8, students either earned a 4 
or 5 on the first 5 items or they earned 8 on after earning a score of 2 or 3 on the first 5 
items and following administration of the additional 5 they earned a score of 8.   
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Table 4.8: Proportion of Students Above or Below Cut-score on the CVCe(ī) Skill 
 
True 
Score 
Proportion Scoring 
8 or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.02 0.98 
3 0.11 0.89 
4 0.25 0.75 
5 0.47 0.53 
6 0.72 0.28 
7 0.87 0.13 
8 0.97 0.03 
9 1.00 0.00 
10 1.00 0.00 
 
This indicates that a large proportion of students who, according to the cut criterion 
should be earning a passing score of 8 are. A small proportion of students who did not 
meet the cut on this subtest, 0.03 or 3%, (as illustrated on the table to the right) that 
should have at ability 8 would falsely be identified as in need of support. These students 
would have earned a 0 or 1on the first 5 or a 2 or 3, and were provided with the additional 
5 and failed to read all of them correctly.  
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Table 4.9: Mean Proportion of Students Above or Below Cut-score across All Subtests 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.06 0.94 
5 0.16 0.84 
6 0.33 0.67 
7 0.56 0.44 
8 0.80 0.21 
9 0.97 0.03 
10 1.00 0.00 
 
How well the cut score decisions function at the cut varies. While this varies from 
very good, e.g. in CVCe(ī), the proportions of students misidentified at the cut on the “er” 
task is far less acceptable. However, it is important to note the area around the cut is the 
place where the most error is likely to be observed (Hambleton et al. 1991). Furthermore, 
the nature of this test requires more precision in identifying the lowest performing 
students using this cut. As such we may be less concerned with the variability noted at 
ability level 8 but may be more concerned about misidentification of students at 0, 1, 2, 
and 3.   
Table 4.9 provides an illustration of the mean proportion of students across all 
subtests that would have been identified as not needing support (to the left) and those 
who will be identified as needing support. The proportion of students misidentified at 
ability levels 0, 1, 2, and 3 as not needing support when they do are well within 
acceptable limits with 0.02 or less of students identified as passing when they should 
have earned a score of 0,1, 2, or 3. Even the mean proportion of students identified at 
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ability four is relatively acceptable at 0.06. It is at the ability level of five when the mean 
proportion of students who should have been identified as having a 5 (still a failing score) 
would be 16%. Error rates increase as ability approaches the cut of 8.  
On the “er” subtest ability levels 0-3 it is very unlikely that these students would 
be identified as passing with the proportion of students passing at 0,0,0, and 0.01 
respectively. Even at ability level 4, a respectable error rate is noted with 0.05 of 
individuals identified as passing when they should not be. The CVCe(ī) subtest illustrated 
in Table 4.7 indicates the proportion of students passing at ability levels 0,1, 2, & 3 was 
0,0,0.02, and 0.11 respectively. Again, the proportion of individuals at the lowest levels 
passing is minimal; however, this does significantly rise at ability level 3. At this level, 
the proportion of students who should be identified in need of support that would not is 
0.11.  This doubles at ability 4 to 0.25. Upon closer examination of these tests at the 
ability levels 0-3, abilities where it is most critical to accurately identify students in need 
of support, the sensitivity and reliability of the cuts at these levels change. The “er” 
subtest, represented in Table 4.7 did not perform as well as the CVCe(ī) task (Table 4.8) 
across these ability levels.   
Dimensionality Analyses 
An exploratory factor analysis (EFA), using tetrachoric correlation coefficients 
via the software package TESTFACT, was employed to examine the underlying 
dimensionality of the PDI. Due to the large number of items, especially relative to the 
sample size, it was not possible to perform the dimensionality analysis on all items in one 
analysis. Therefore, the 604 items were split into four test forms, each comprised of 
roughly 151 items. The EFA was performed on each test form. While analyzing the four 
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test forms separately does not provide a complete picture of the underlying factors that 
influence performance on the PDI, it does provide an idea of whether there was not a 
single underlying trait (i.e., whether the scale underlying the PDI is not unidimensional).  
 The proportion of variance explained by the first factor for each test form was 
relatively large (e.g., 29%), indicating a strong first factor. However, given the ratio of 
the first to second, second to third, and third to fourth eigenvalues for each subtest, it was 
apparent that the PDI had a second underlying dimension. For example, in the first 
subtest, the ratios of the first to second and second to third eigenvalues were similar (3.56 
vs. 3.08), while the remaining ratios were smaller (e.g., the ratio of the third to fourth 
eigenvalue was 1.26). Furthermore, the first factor explained 29% of the variance while 
the first two factors combined explained 38% of the variance. Therefore, it was apparent 
that the PDI was not strictly unidimensional.  
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CHAPTER 5 
DISCUSSION 
Summary of Research 
 A plethora of research, including but not limited to that of Juel (1988) and 
Stanovich (1986), clearly illustrate there is little time to waste in identifying and 
remediating specific reading skill deficits in American students. Legislation (IDEA, 
2004; NCLB, 2001) and RTI policy have since reified the social importance of these 
findings. Word reading is one of the strongest predictors in literacy outcomes (Foorman, 
Francis, Shaywitz, Shaywitz, & Fletcher, 1997; Wagner et al. 1997, and the report of the 
NRP has clearly indicated the importance of direct explicit systematic synthetic phonics 
instruction in the developing reader and particularly in struggling readers.  
 The field of education lacks tools to effectively and efficiently identify skill 
deficits and then clearly inform delivery. CBA holds much promise in this domain as it is 
linked to instructional priorities and informs instructional goals. Unfortunately, the 
reliability and validity of most measures has yet to be established. As a way to enhance 
CBAs, and other assessments for that matter, use of converging evidence is espoused by 
most assessment standards (AERA et al. 1999; AFT et al. 1990). Converging evidence 
may only add value if (1) the individuals using the data are well informed as to how to 
use and weigh data gathered and if (2) the psychometric properties of data are of high 
quality and lead to reliable decisions (C.S. Wells, personal communication, October 8, 
2008). The importance of having psychometrically sound instruments to inform 
instruction is critical as assessment errors may delay appropriate intervention for students 
in need. Legislation reauthorizing the Individuals with Disabilities Education Act (IDEA, 
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2004) as well as No Child Left Behind (NCLB, 2001) reiterates the urgency and 
importance of this. Government Sponsored Agencies such as the National Center on 
Student Progress Monitoring (http://www.studentprogress.org/, 2008) are actively 
seeking and espousing the use of such measures through websites but their lists are 
sparse.   
 The PDI (Koerner et al. 2006) is a promising CBA with the instructional 
sensitivity necessary to identify skill deficits and inform instructional design. Using IRT 
this study further refined its’ development and established the reliability of each subtest.  
  The purpose of this study was to refine the development of a specific skill 
inventory (The PDI) designed to identify and inform remediation of phonic skill deficits 
in a student’s reading repertoire. More specifically this study examined the properties of 
potential items; compared properties of tests constructed of the “best” items and 
randomly selected items, and finally, examined the decision accuracy of established cut 
scores. Although not a primary focus of this investigation, it was also expected skills/test 
difficulty would reflect the PDI hierarchy constructed to mirror research based reading 
curricula.  
 Three hundred fifty-three mid-year second grade students were tested over 11 
weeks with the research generated PDI. Each student was asked to respond to 400 items 
(two separate forms) on two separate occasions. There were two research generated 
probes which contained a total of 640 unique items and 160 overlapping items.   
 Preliminary analyses entailed employment of a corrected point biserial correlation 
procedure (classical test theory) to screen for negative or extremely low discriminating 
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items. Items with rpbi-c’s less than 0.25 were removed from the item bank leaving 95% of 
the original item pool (608 items).   
Items were subsequently categorized as low, moderate or high discriminating 
items based upon their respective rpbi-c’s. Item discrimination is a key component in 
understanding how well an item will differentiate between students who have and those 
who do not have a skill at the point where the item is most reliable. Ultimately 23% were 
identified as low discriminating items, 56% as moderately discriminating and 21% highly 
discriminating. In sum, discrimination results indicated 77% of the items performed 
adequate to well in separating students of lower ability from those of higher ability.   
Average item difficulty fell at the lower end of the ability scale,  -1.55, ranging 
from 4.94 to -9.18, confirming the majority of items performed as intended, targeting 
students most at risk for word reading difficulties. Item information functions were 
plotted for each respective test. Items with the highest “slope” had the most information 
or were most reliable. Convergence or clustering of curves along the ability continuum 
within subtests illustrated less variance between items. On other subtests curves were 
more evenly distributed along the ability continuum and consequently illustrated more 
variance. Items that did not perform in concert with other subtest items were more closely 
examined, and in some cases, eliminated. For instance, in the CVC(ě) subtest, the item 
information function of “gem” was significantly different from others. This difference 
was attributed to it’s soft g sound not a function of the targeted CVC(ě) pattern (See 
Figure 4.3). The y= /ī/ and /ē/ test illustrated many disparate items (See Figure 4.4). In the 
original version of the PDI this subtest was divided into two representing two discrete 
skills, y=/ī/ and y=/ē/. Item performance in this task was almost always consistent with 
  79
how these skills appeared within the original PDI. Many skills representing y=/ī/ proved 
to be very difficult appearing to the far right of the ability continuum with a mean b of 
2.54 where as y=/ē/ fell more towards the middle of the continuum with a mean b of 
0.006. Performance of these items calls in to question the validity of this sub-skill or task 
altogether and if this task violates the assumption of unidimensionality.   
 Using item characteristics generated through classical test theory and item 
response theory, the 32 tests were reconstructed twice. First, 10 items were randomly 
selected from the remaining item bank to create one test. Then a second test was 
constructed for each of the 32 skills by hand selecting the best performing items. These 
items best matched the a priori purpose of the test and demonstrated maximum 
information at the ability level targeted. In many cases, although difficulty was assumed 
based upon research supported hierarchies, the targeted difficulty level for the “best test” 
was established by examining convergence of items within skills. In comparing the 
randomly selected test forms to those which were hand selected the benefits of IRT 
become apparent (See Figures 4.5 and 4.6). While random selection of items is intended 
to reduce systematic bias it does not control variability well. 
 Analysis of the Test Information Curves and the Test Characteristic Curves 
clearly illustrated the variability of overall test difficulty, discrimination and in sum their 
respective information (reliability). Difficulty of all tests ranged from 0.08 to -3.54 with a 
mean of -1.23. The most discriminating tests were the “ai” and “ea” tests followed by 25 
moderately discriminating tests. The lowest discriminating tests were CVC(ă), CVC(ě), 
CVC(ĭ), CVC(ŏ) and “ow”. Tasks with the least discrimination present as the least 
reliable tests in discriminating between mid-year second grade students who possess 
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these respective skills and those who do not. Consequently, if using this test, examiners 
should expect more error than when employing other subtests.   
 The simple CVC tasks; CVC(ă), CVC(ě), and CVC(ĭ) were the easiest tasks along 
the ability continuum of the 32 tests. Their poor discriminative power in addition to their 
respective placement along the second grade ability continuum calls into question their 
appropriateness with mid-year second grade students. Their placement in this continuum 
was consistent with the PDI hierarchy generated from research supported programs. The 
“ow” test, also among the easier skills (ranked 6/32 or 8/32), was not consistent with the 
ranking of 25, on the original version of the PDI. One hypothesis to explain this disparity 
proposed by Ehri (2005), consistent with Share’s (1995) self-teaching hypothesis, 
purports many students learn specific patterns with phonological representations, multiple 
exposures to the said pattern (approximately four), exposure to print and feedback. In 
concert with this theory, the “ow” pattern appears easier than expected because students 
may have been exposed to the “ow” pattern multiple times and have learned it as a 
function of self-teaching. As all participants in this study were in second grade and the 
majority have had at least approximately two and one half years of formal literacy 
instruction, this could explain such a disparity. As in the “ow” task, the CVC(ŏ) task did 
not fall where it was expected to on the ability continuum (falling at 7 or 14 based upon 
IRT analyses, and 4 in the PDI hierarchy). Further, this skill appeared relatively more 
difficult than its’ other CVC counterparts. 
 Due to an observed disparity between test difficulty of some tests and the 
predetermined PDI hierarchy, all tests were rank ordered first according to their mean 
difficulty and then where on the ability continuum maximum information was realized. 
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Slight ordering differences were noted between the new research generated hierarchies as 
one hierarchy considers only item difficulty and the other difficulty in conjunction with 
item reliability (information) (See Table 4.5 and Appendices L &  M). New hierarchies 
were compared to the PDI hierarchy. As was observed in the above mentioned tasks, the 
hierarchy constructed by research based reading programs was not entirely supported in 
the rank ordering of tests by phonics skill difficulty but this was not altogether surprising. 
As noted in Chapter I, Olinghouse et al. (2006) had similar findings. Their IAWL, with a 
skill hierarchy informed by a research supported program, was not entirely supported in 
their investigation either. They however, examined the properties of individual items or a 
few items representing an overall skill set versus examining several items that might 
more reliably measure discrete skills. While the current investigation did not employ the 
same hierarchy used in Olinghouse et al. (2006), the hierarchy and findings were similar. 
It is important to note, the current study and the Olinghouse et al. (2006) study did not 
directly examine the statistical significance of these differences. Consequently, the 
significance of these differences warrants direct investigation. 
 Should the differences in hierarchies gather statistical support, there could be 
several plausible explanations. Olinghouse et al. (2006) suggested some words may have 
performed poorly and appear easier as these words have been learned through exposure 
rather than through instruction. As all words included in this inventory and in the 
Olinghouse study were all “real” words this is a variable that was not controlled for.  This 
is in concert with Share’s self-teaching hypothesis. Often it is assumed student growth 
(development) is a function of intervention/instruction.  Share and others (Jorm & Share, 
1983; Rack, Hulme, Snowling, & Wightman, 1994; Share, 1995 & Share, 2004), similar 
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to Ehri (2005), suggest that a self-teaching mechanism may be in place whereby students, 
as they are exposed to literature and words, learn letter strings or patterns in individual 
words first. Then, with additional exposure to these letter strings or orthographic patterns, 
students begin to generalize patterns to learn new words.   
This may be the case with some word categories tested within this investigation.  
As previously proposed, the “ow”=/ō/ pattern may be one. This pattern is typically not 
taught until later in a scope and sequence (Pirani-McGurl, Koerner, & Hintze, 2005) but 
it appears as an “easier item”. The “ow” pattern may appear frequently enough in 
children’s literature to support the self-teaching of this skill to even the most struggling 
learners. Examination of hierarchies informed by test difficulty in Table 4.5 poses many 
questions rather than answers. First the statistical significance of these findings must be 
examined. Should future studies support such differences statistically, questions 
regarding the appropriateness of current scopes and sequences in research programs 
should ensue. Perhaps more appropriately and conservatively the dissonance from the 
original hierarchy may indicate task difficulty and the need for additional pre-teaching, 
re-teaching and practice of certain skills. Regardless, prior to making any major changes 
to curricula additional research is necessary to confirm or refine the findings here in and 
those of Olinghouse et al. (2006). 
The Monte Carlo Simulation procedure employed determined the average 
proportion of students at various ability levels that would be correctly classified as 
mastering a specific skill. Those on average that fell just at the cut of .80 would be 
correctly classified as having mastered a skill (range of 0.48 to 0.97). The average 
proportion of students that should have passed with a score of 8 but did not was 0.20 or 
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20% but ranged from 0.52 to 0.03 across subtests. These cut scores performed best at the 
cut, correctly classifying 0.97 or 97% or students as passing with a score of 8 on the 
CVCe(ī) subtests. These cut-scores worked less well on the “er” subtest where less than 
half, or 0.48 or 48% of student who should have been classified as passing with a score of 
8 actually were. As more error is expected around cut scores (Hambleton, 1999) and 
because the importance of this study lie with the most struggling students, it is crucial to 
analyze the proportion of students that passed respective tests at the lowest levels of 
ability. Statistics at these levels across subtests illustrate more acceptable rates. The mean 
proportion of students misidentified as not needing support across subtests at ability 
levels 0, 1, 2, and 3 was well within acceptable limits with 0.02 or less of students 
identified as passing. Even the mean proportion of students identified at ability four is 
relatively acceptable at 0.06.   
These are mean difficulty statistics and do not account for the variable 
performance between individual subtests. While acceptable mean error rates for students 
of ability 0-3 are evident across subtests, error rates are far less acceptable for students 
above this ability level and are sometimes noteworthy within subtests. Further 
investigation regarding which cut-scores (1) may most appropriately meet test objectives 
and (2) minimize error for students at broader ability levels must begin.  
 The research design employed in this study was not constructed with testing 
unidimensionality in mind. As the number of test items exceeded the number of study 
participants, traditional methods to assess unidimensionality could not be employed. To 
conduct estimations, the data set was divided into four roughly equivalent sets and each 
was analyzed separately. The downfall of conducting the analysis in this manner is not 
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ideal as it does not allow for examination of the dimensionality of the entire scale. Across 
all sets a strong first factor was noted supporting the notion of unidimensionality. 
Noteworthy, however, and more difficult to explain, was the presence of a weak yet 
prominent secondary trait. This altogether is not surprising and could perhaps be in 
concert with previous hypotheses that student performance on some tasks may have been 
more of a function of Shares “self-teaching” hypothesis. Based on this premise, one 
might assert the preponderance of words were decoded as a function of direct instruction 
and subsequent application of phonics rules. The secondary trait could represent the 
acquisition of individual words or even in some cases word patterns through “self-
teaching.” 
Importance of this Study  
 The current study illustrated the importance of careful development of diagnostic 
inventories. Despite years of careful construction reflective of current research and 
thoughtful consideration of words, many words and some PDI categories did not perform 
as anticipated. Nonetheless, these findings are consistent with those noted by Olinghouse 
et al. (2006). This suggests that those who create their own curriculum based assessments 
or employ inventories with unknown psychometric characteristics must do so with 
caution and take extreme care when interpreting findings. Comparing forms built using 
IRT to randomly constructed forms, clearly illustrate the benefits of using IRT and reifies 
how much we do not know about inventories with unknown psychometric properties 
even when trying to control for such error by randomly choosing items. 
With RTI now part of the most recent legislation this becomes even more 
important. Over time decision making dependent or partially dependent upon CBA’s are 
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likely to become more prevalent. While CBAs are certainly more responsive and translate 
better into local curricular needs, these benefits are moot if the instruments we use to 
measure student knowledge do not provide reliable or valid information.   
Consequently, this study exemplifies the importance of creating tests of known 
psychometric properties and employing IRT. IRT permits examiners to have the 
knowledge of with whom a measure is most reliable and how well it discriminates 
between students who have established skills and those who need support. More reliable 
forms reduce error and increase decision-making power.   
This study also highlights the importance of examining cut-scores. Examination 
of which cut-scores best meet test objectives is essential either generated through an 
expert panel or through statistical methods (Hambleton, 1999). Further, examination of 
the probability with which erroneous decisions may be made for individuals of different 
ability levels is essential. It is clearly illustrated here cut-scores employed based upon a 
commonly used criterion in special education, 80% mastery, were not equally effective 
across subtests and with individuals of different ability levels. More error, as was 
expected, appeared around cut-scores; however, the proportion of students at the lowest 
ability levels 0, 1, 2, and 3 who were not identified in need when they require assistance 
was on average below 0.10. This was not observed in all sub-tests and illustrates 
information may be maximized by employing different cutting scores for different tests. 
This again speaks to the need for more careful examination of how cut-scores are chosen 
and subsequently employed and then if these can be reliably followed. Adhering to a 
“popular” field based standard, as evidenced herein, is not universally beneficial. 
Maximization of reliability and enhancement of decision making may require the 
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application of different cut-scores for some subtests to control for skill difficulty. For 
instance, the criterion of 8 on the CVCe(ī) subtests worked well but approximately 50% 
or more individuals who should have earned a passing score of 8 on the “er” task would 
not have As such employment of statistical method or field based methods to acquire 
these standards are necessary (Hambleton, 1999). 
Limitations 
Although this study illustrates much promise for the PDI, some limitations to the 
study design are noted. First, due to the inclusion of fewer participants a Modified Rasch 
Model was employed. While use of the modified one-parameter model is an 
improvement over the use of a one-parameter model (Lord, 1983), mean item 
discrimination was estimated using classical methods rather than IRT. A two-parameter 
model could have been utilized if time and resources permitted. The two-parameter 
model would have improved the information gained as the actual discrimination would 
have been more freely estimated resulting in more specific discrimination characteristics. 
The limitation of using the modified one-parameter model resulted in estimation of item 
discrimination into fixed categories. Fixed estimation of item discrimination using 
classical statistics is superior to the one parameter model that assumes all discrimination 
is equivalent however, it does not control for the same amount of variance as the two-
parameter model. 
Data collection occurred over 11 weeks. With any extended data collection period 
learning and maturation could confound results. However, in most circumstances the time 
between testing each student was days (versus weeks). For example, Student A was 
  87
tested on day one and then tested again on day two before beginning to assess untested 
students.  
Item responses were coded as correct or incorrect based upon whether or not 
participants read the word correctly. There were instances when students responded to 
items incorrectly but for the “wrong reason”. For instance, in the CVC(ě) category, many 
students misread the word gem because students pronounced the hard “g” not because 
they misidentified ě. This was a problem that was anticipated and as such the investigator 
requested data collectors note, when possible, what the student said. During training, 
however, the importance of accurately coding a word as correct or incorrect was 
conveyed as paramount to data collectors and as such, accuracy was prioritized over 
detail.  
While anecdotal notes certainly helped to explain some unexpected variance seen 
in words like “gem” it is impossible to know the frequency with which problems like this 
occurred and as they were not and could not be consistently noted. In the case of “gem”, 
and in other cases, it is believed something unusual was noted in the ICC’s. For instance, 
item information function for gem in comparison to other items clearly illustrated it was 
different (See Figure 4.3).   
Mid-year second grade students were the only students tested in this study and 
consequently generalization is limited to mid-year second grade students. It is suspected 
that although some items had not performed well with second grade students, like some 
simple CVC patterns, results may have been much different had they been used with 
students in grade one. Additionally, the scope of the study was necessarily narrowed to 
include fewer skills than was originally intended. Many important skills such as the C-le 
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syllable type (e.g. apple) and direct assessment of consonant patterns (digraphs and 
blends) did not occur. While student generalization of short vowels to more complex 
patterns that included consonant digraphs and blends did occur this does not account for 
or explain which specific consonant skills were in need of instructional support. 
Furthermore, all words presented were real words and not nonsense words.  As 
previously noted, the presentation of real words can be confounded by experience and 
prior knowledge. Many students have committed a word to their lexicon but have not 
been taught or have yet to master the phonics skill. It is likely these words would have 
performed differently than other items within their respective categories prompting 
further investigation.   
Finally, while unidimensionality was investigated the conditions under which this 
occurred were less than ideal. As mentioned previously, the number of items 
outnumbered participants forcing the use of less traditional means to examine this 
assumption. While the accuracy of data collected from these analyses are acceptable it is 
difficult to confidently attest to findings. 
Future Directions 
PDI subtests, informed by IRT item characteristics, have vastly improved the 
reliability of this instrument but much work remains. First, an examination of the validity 
of indices is warranted. A larger study investigating the properties of more items with a 
larger sample across grades is recommended to establish item properties across grades 
and populations.   
In its current format, the PDI with 32 tests may be time prohibitive for many who 
wish to identify specific skills deficits.  Consequently different formats of this test 
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including computer based applications should be examined.  A paper version could 
include administration of a generic one page screener including the most reliable items to 
estimate θ and inform where in the inventory an investigator may wish to begin 
assessment. This application may help to expedite and improve time efficiency while still 
testing in a reliable manner.   
Directions, other decision rules (including provision of a prompt after three 
seconds of no response) all warrant investigation. The cut scores must also be further 
examined.  In their current format, an unacceptable number of students were not 
identified as requiring support that was indeed in need of it. Employment of statistical 
methods or a modified Angoff procedure to do such should be considered (Hambleton, 
1999). Finally the eventual development of progress monitoring forms is essential in 
monitoring student progress towards identified goals.   
In response to findings within this study and in Olinghouse’s study an 
examination of the hierarchy of skills should be investigated. First, examination of the 
statistical significance of these findings is paramount. Second, if support of differences is 
realized statistically, many questions may ensue. These questions may include but may 
not be limited to; Are there words that represent student memorization than acquisition of 
phonics skills? Is inclusion of nonsense words necessary to separate students who 
struggle with recognition of regular words versus those who have problems with 
phonemic decoding? What implications, if any, does the dissonance between the PDI 
hierarchy and that informed by IRT have for phonic scopes and sequences or for how 
phonology is taught? Finally, investigations of dimensionality must continue. One option 
could be the investigation of dimensionality within subtests rather than across. This 
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procedure would allow for a more traditional look at dimensionality and isolate subtests 
where a second factor may be more/less prominent. 
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APPENDIX A 
 
SKILLS INCLUDED IN THE INITIAL VERSION OF THE PDI 
Skills Categories Specific Skill 
Area 
Patterns included 
   
CVC Screening Section CVC ă, ě, ĭ, ŏ & ŭ 
Core Vowel Section CVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in 
regular patterned words with 
consonant digraphs and diphthongs 
in the final position. 
   CVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in 
regular patterned words with 
consonant digraphs and diphthongs 
in the initial position. 
 CCVCC short vowels (ă, ě, ĭ, ŏ & ŭ) in  
regular patterned words with 
consonant digraphs and diphthongs 
in the initial & final position. 
   Compound short vowels (ă, ě, ĭ, ŏ & ŭ) in  
regular patterned words 2 syllable 
compound words. 
 2 Syllable 
regular words 
short vowels (ă, ě, ĭ, ŏ & ŭ) in 
regular patterned two syllable 
words. 
 CVCe ā, ī, ō, & ū 
  “r” controlled ar, er, ir, or,& ur 
 consonant “le” C-le 
 Vowel 
Digraphs 
“ee” /ē/, “ea” /ē/, “ie” /ē/, “ai” /ā/, 
“eigh” /ā/, “oa” /ō/, “ay” /ā/, “oo” 
/ō/, “y” /ē/, “igh” /ī/, “ou” /ū/, “y” 
/ī/, “ow” /ō/, “ue” /ū/ 
 
Continued on next page. 
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SKILLS INCLUDED IN THE INTIAL VERSION OF THE PHONICS DIAGNOSTIC 
INVENTORY, Continued 
Skills Categories Specific Skill 
Area 
Patterns included 
 Vowel 
Diphthongs 
 “oy”, “ou”, “oi”, “ow”  
 Variant 
Vowels 
“oo”, “aw”, “au”, “all”, “ail” 
Core Consonant Section Consonant 
Blends 
“st”, “gr”, “fl”, “-nt”, “sk”, “br”, 
“cl”, “-nd”, “sp”, “cr”, “bl”, “mp”, 
“sn”, “pr”, “gl”, “st”, “sm”, “dr”, 
“pl”, “-ft”, “sc”, “tr”, “sl”, “-ld”,  
“nk”, & “sw” 
 Consonant 
Digraphs 
“wh”, “fr”, “sh”, “th”, “ch”, “ck”, 
“wr”, “ng”, “kn”, “tch”, & “dge” 
 Soft Consonant 
Sounds 
“c”, “g”, “j” 
  93
APPENDIX B 
PDI EXAMINER SCORING SHEET EXAMPLE 
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APPENDIX C 
SAMPLE PDI STUDENT PROBE 
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APPENDIX D 
 
SAMPLE PDI STUDENT PROBE – EXTENDED BATTERY 
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APPENDIX E  
 
PDI ADMINISTRATION DIRECTIONS 
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APPENDIX F 
 
SAMPLE PDI RESEARCH GENERATED ANSWER SHEET 
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APPENDIX G 
 
CONSENT FORM 
Dear Parent/Guardian 
 
I am conducting a research study to support the development of a phonics diagnostic inventory to aid in the 
identification and remediation of students with word reading deficits.  We request the participation of your 
child, and all other second grade students within your child’s school.  The information collected will be 
used for my dissertation in the area of school psychology at the University of Massachusetts, Amherst. 
 
• Your child, should you choose for him/her to participate, will be asked to read a series of words to 
assess what second grade students typically can read.   
• Your child’s privacy will be protected by using a tracking identification number known only to 
district administrators and the primary researcher.  Student responses from the experimental word 
reading testing will not be shared with the district; however, results from the other measures will 
be shared to help inform instruction for all students. 
• There are no known risks involved in having a student read words.  However, should your child 
become tired or if he/she finds the activity challenging they are free to stop at anytime.  Your child 
will be told this prior to the study beginning. 
• Benefits to study participation would be that your child would be contributing to research in the 
area of developing effective assessment and instructional practices in reading.  We hope this 
research will eventually help all students. It is hoped that the information gathered through this 
study will be used to create an assessment that will help teachers identify what word reading skills 
students need help with. 
• Participation in this study is strictly voluntary. 
o If you consent to your child’s participation, you do not return this slip.  Your child will 
be asked to participate and at any time during this study if your child gets tired or does 
not want to participation they will simply return to class.  
o If you would prefer to NOT have your child participate, you do so without prejudice.  
Please complete the bottom of this page and return it to your child’s teacher by: January 
18, 2007. 
 
If you have any questions or concerns please contact:  Cynthia McGurl, Graduate Student Investigator at 
cpirani@educ.umass.edu or (508)954-8556 or John Hintze, Research Supervisor at 
hintze@educ.umass.edu. 
 
Thank you very much for your time, 
 
 
Cynthia McGurl, MA, CAGS John Hintze, PhD, UMass Research Supervisor Principal 
 
I, _________________  do NOT want my child __________________ to participate in this research study. 
  (Print parent/guardian name)                                                   (Print student name) 
 
_________________________     ___________________ 
        ( Parent/Guardian Signature)                                                    ( Date) 
 
** If you do not return this form, your child will be asked to participate in this study**  
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APPENDIX H 
 
MEAN CORRECTED POINT BISERIAL CORRELATIONS BY SUBTEST AND 
DISTRIBUTION FOR REMAINING ITEMS 
 
Phonic 
Element 
(example) 
Rpbi Range Mean Rpbi Items 
Eliminated* 
Low Rpbi 
 
.25 –.399 
Moderate 
Rpbi 
.4 - .599 
High Rpbi 
 
.6 + 
CVC (ă) 
(cat) 
.25-.49 .370 4 10 6 0 
CVC (ě) 
(bet) 
.28 - .47 .361 2 14 4 0 
CVC (ĭ) 
(kit) 
.27-.41 .330 6 12 2 0 
CVC (ŏ) 
(jog) 
.25-.44 .360 4 10 6 0 
CVC (ŭ) 
(cup) 
.25-.50 .350 3 14 3 0 
CVCC 
(bash) 
.37-.54 .462 0 2 18 0 
CCVC 
(slip) 
.24-.56 .419 0 6 14 0 
CCVCC 
(shaft) 
.28-.62 .460 0 3 15 2 
2 syllable 
(muffin) 
.41-.74 .600 0 0 11 9 
Compound 
(topcat) 
.33 - .63 .490 0 2 15 3 
CVCe (ā) 
(maze) 
.43 - .73 .550 0 0 15 5 
CVCe (ī) 
(bite) 
.32 - .66 .520 0 3 12 5 
CVCe (ō) 
(code) 
.32 - .63 .510 0 2 17 1 
CVCe (ū) 
(rude) 
.38 -. 66 .550 0 1 15 4 
ar 
(bar) 
.25-.66 .475 3 2 14 1 
er 
(her) 
.25-.69 .572 0 1 8 9 
ir 
(bird) 
.28 - .72 .537 0 1 12 7 
or 
(torn) 
.26 - .62 .480 1 5 11 4 
ur 
(burn) 
.34 - .71 .581 0 1 8 11 
ee 
(reed) 
.28 - .60 .440 0 5 14 1 
ea 
(bead) 
.42 - .76 .590 0 0 9 11 
Continued on next page. 
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MEAN CORRECTED POINT BISERIAL CORRELATIONS BY SUBTEST AND 
DISTRIBUTION OF REMAINING ITEMS 
 
Phonic 
Element 
(example) 
Rpbi Range Mean Rpbi Items 
Eliminated* 
Low Rpbi 
 
.25 –.399 
Moderate 
Rpbi 
.4 - .599 
High Rpbi 
 
.6 + 
oa 
(boat) 
.46 - .72 .590 0 0 12 8 
ai 
(rain) 
.48 - .72 .600 0 0 9 11 
ay 
(day) 
.25 - .63 .470 2 4 13 1 
ew 
(few) 
.32 - .72 .550 0 3 6 11 
oi 
(moist) 
.48 - .67 .59 0 0 11 9 
oy 
(boy) 
.28 - .65 .570 1 4 9 6 
oo 
(moon) 
.31 - .62 .480 2 4 11 3 
ou 
(grout) 
.29-.65 .480 0 2 15 3 
ow 
(grow) 
.29 - .58 .400 2 10 8 0 
open 
(pecan) 
.34 - .64 .500 1 
 
4 10 5 
y = /ī/ & /ē/ 
(spy & 
dingy) 
.25 - .68 .480 1 5 9 5 
 
 
 
 
 
 
 
 
 
 
 
  102
APPENDIX I 
 
ITEM INFORMATION FUNCTIONS 
 
Item Information Functions CVC Words 
 
Item Information CVC(ă)   Item Information CVC(ě) 
 
Item Information: CVC(ĭ)   Item Information CVC(ŏ) 
 
Item Information CVC(ŭ) 
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Item Information Function More Complex Regular Patterned Words 
Item Information CCVC   Item Information CVCC 
 
Item Information CCVCC   Item Information Compound 
 
Item Information 2 Syllable 
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Item Information Function for CVCe Words 
Item Information CVCe (ā)   Item Information CVCe (ī) 
 
Item Information CVCe (ō)   Item Information CVCe (ū) 
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Item Information Function R-Controlled Vowels 
Item Information “ar”    Item Information “er” 
 
Item Information “ir”    Item Information “or” 
 
Item Information “ur” 
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Item Information Vowel Digraphs 
Item Information “ai” = /ā/   Item Information “ay” = /ā/ 
 
Item Information “ee” = /ē/   Item Information “ea” =/ē/ 
/ 
Item Inforamtion “oa” = /ō/   Item Information “oo” = / ◌ﬞ◌ﬞ/ 
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Item Information Vowel Digraphs 
Item Information “ow” = /ō/   Item Information “ew”  
 
Item Information Function Other Patterns 
Item Information y = /ī/ & /ē/   Item Information Open Syllable 
  108
Item Information Function Vowel Diphtongs 
Item Information “oi”    Item Information “oy” 
 
Item Information “ou”  
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APPENDIX J 
TEST INFORMATION FUNCTIONS (TIF) FOR THE BEST AND RANDOMLY 
SELECTED ITEMS 
 
CVC(ă) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
CVC(ě) 
TIF for “Best Items    TIF for Randomly Selected Items 
 
CVC(ĭ) 
TIF for “Best” Items    TIF for Randomly Selected Items 
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CVC(ŏ) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CVC(ŭ) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CCVC 
TIF for “Best” Items    TIF for Randomly Selected Items 
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CVCC 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CCVCC 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
Regular Patterned Compound Words 
TIF for “Best” Items    TIF for Randomly Selected Items 
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2 Syllable Regular Patterned Words 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CVCe (ā) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CVCe (ī) 
TIF for “Best” Items    TIF for Randomly Selected Items 
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CVCe (ō) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
CVCe (ū) 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ar” 
TIF for “Best” Items    TIF for Randomly Selected Items 
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“er” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ir” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“or” 
TIF for “Best” Items    TIF for Randomly Selected Items 
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“ur” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ai” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ay” 
TIF for “Best” Items    TIF for Randomly Selected Items 
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“ee” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ea” = /ē/ 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
 
“oa” = /ō/ 
TIF for “Best” Items    TIF for Randomly Selected Items 
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“oo” = /ŏŏ/ 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“oi” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“oy” 
TIF for “Best” Items    TIF for Randomly Selected Items 
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“ou” 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ow” = /ō/ 
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
“ew”  
TIF for “Best” Items    TIF for Randomly Selected Items 
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y= /ī/ & /ē/  
TIF for “Best” Items    TIF for Randomly Selected Items 
 
 
 
Open Syllable 
TIF for “Best” Items    TIF for Randomly Selected Items 
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APPENDIX K 
 
TEST CHARACTERISTIC CURVES 
 
Test Characteristic Curves for CVC Items 
 
CVC(ă)      CVC(ě)  
 
 
CVC (ĭ)     CVC(ŏ) 
 
 
CVC(ŭ) 
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Test Characteristic Curves for Regular Patterned Items 
 
CCVC      CVCC 
 
 
CCVCC     Regular Patterned Compound Words 
 
 
Regular Patterned 2 Syllable Words 
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Test Characteristic Curves for CVCe Tests 
 
CVCe (ā)     CVCe (ī) 
 
 
CVCe (ō)     CVCe (ū) 
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Test Characteristic Curves for R-Controlled Tests 
 
“ar”      “er” 
  
 
“ir”      “or” 
 
 
“ur” 
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Test Characteristic Curves for Vowel Digraph Tests 
 
“ai”      “ay” 
  
 
“ee”      “ea” = /ē/ 
 
 
“oa”= /ō/     “oo” = /ŏō/ 
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Test Characteristic Curves for Vowel Diphthong Tests 
 
“ow”=/ō/    “ew” 
 
 
Test Characteristic Curves for Other Vowel Tests  
 
y=/ī/ & /ē/     open syllable 
 
  126
Test Characteristic Curves for Vowel Diphthong Tests 
 
“oi”      “oy” 
 
 
“ou” 
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APPENDIX L 
 
ORIGIONAL PDI HIERARCHY COMPARED TO HIERARCHY INFORMED BY 
ABILITY LEVEL AT MAXIMUM INFORMATION 
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APPENDIX M 
 
ORIGINAL PDI HIERARCHY COMPARED TO HIERARCHY INFORMED BY 
MEAN TEST 
DIFFICULTY
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APPENDIX N 
 
PROPORTION OF STUDENTS ABOVE OR BELOW CUT-SCORES  
 
CVC(ă) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.02 0.98 
5 0.08 0.92 
6 0.24 0.76 
7 0.48 0.52 
8 0.78 0.22 
9 0.96 0.04 
10 1.00 0.00 
 
CVC(ě) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.01 0.99 
2 0.01 0.99 
3 0.03 0.97 
4 0.07 0.93 
5 0.14 0.86 
6 0.27 0.73 
7 0.50 0.50 
8 0.78 0.22 
9 0.96 0.04 
10 1.00 0.00 
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CVC(ĭ) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.02 0.98 
4 0.05 0.95 
5 0.12 0.88 
6 0.21 0.79 
7 0.45 0.55 
8 0.75 0.25 
9 0.95 0.05 
10 1.00 0.00 
 
CVC(ŏ) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.00 1.00 
4 0.02 0.98 
5 0.08 0.92 
6 0.24 0.76 
7 0.50 0.50 
8 0.79 0.21 
9 0.97 0.03 
10 1.00 0.00 
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CVC(ŭ) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.03 0.97 
5 0.08 0.93 
6 0.22 0.78 
7 0.47 0.53 
8 0.75 0.25 
9 0.96 0.04 
10 1.00 0.00 
 
CCVC 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.03 0.97 
5 0.11 0.89 
6 0.23 0.77 
7 0.47 0.53 
8 0.72 0.28 
9 0.95 0.05 
10 1.00 0.00 
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CVCC 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.03 0.97 
4 0.08 0.92 
5 0.18 0.82 
6 0.33 0.67 
7 0.57 0.43 
8 0.81 0.19 
9 0.96 0.04 
10 1.00 0.00 
 
CCVCC 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.05 0.95 
4 0.16 0.84 
5 0.30 0.70 
6 0.51 0.49 
7 0.72 0.28 
8 0.90 0.10 
9 0.99 0.01 
10 1.00 0.00 
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CVC Compound 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.07 0.93 
5 0.18 0.82 
6 0.37 0.63 
7 0.62 0.39 
8 0.83 0.17 
9 0.97 0.03 
10 1.00 0.00 
 
2 Syllable Regular Words 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.04 0.96 
5 0.13 0.87 
6 0.27 0.73 
7 0.51 0.49 
8 0.78 0.22 
9 0.97 0.03 
10 1.00 0.00 
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CVCe (ā) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.06 0.94 
5 0.18 0.82 
6 0.36 0.64 
7 0.60 0.40 
8 0.85 0.15 
9 0.98 0.02 
10 1.00 0.00 
 
CVCe (ī) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.02 0.98 
3 0.11 0.89 
4 0.25 0.75 
5 0.47 0.53 
6 0.72 0.28 
7 0.87 0.13 
8 0.97 0.03 
9 1.00 0.00 
10 1.00 0.00 
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CVCe (ō) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.02 0.98 
5 0.05 0.95 
6 0.14 0.86 
7 0.32 0.68 
8 0.57 0.43 
9 0.87 0.13 
10 1.00 0.00 
 
CVCe (ū) 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.05 0.95 
4 0.16 0.84 
5 0.30 0.70 
6 0.51 0.49 
7 0.72 0.28 
8 0.90 0.10 
9 0.99 0.01 
10 1.00 0.00 
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R-Controlled - “ar” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.03 0.97 
5 0.09 0.91 
6 0.21 0.79 
7 0.42 0.58 
8 0.70 0.30 
9 0.94 0.06 
10 1.00 0.01 
 
R-Controlled – “er” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.05 0.95 
5 0.13 0.87 
6 0.27 0.73 
7 0.46 0.54 
8 0.48 0.52 
9 0.96 0.04 
10 1.00 0.00 
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R-Controlled – “ir” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.04 0.96 
4 0.11 0.89 
5 0.21 0.79 
6 0.40 0.60 
7 0.60 0.40 
8 0.81 0.19 
9 0.96 0.04 
10 1.00 0.00 
 
R-Controlled – “or” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.02 0.98 
5 0.15 0.85 
6 0.33 0.67 
7 0.57 0.43 
8 0.82 0.18 
9 0.97 0.03 
10 1.00 0.00 
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R-Controlled – “ur” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.98 
4 0.06 0.94 
5 0.18 0.83 
6 0.36 0.66 
7 0.60 0.45 
8 0.85 0.20 
9 0.98 0.03 
10 1.00 0.00 
 
Vowel Team – “ai” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.05 0.95 
5 0.13 0.87 
6 0.29 0.71 
7 0.50 0.50 
8 0.77 0.23 
9 0.96 0.04 
10 1.00 0.00 
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Vowel Team – “ay” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.00 1.00 
4 0.02 0.98 
5 0.08 0.92 
6 0.20 0.80 
7 0.45 0.55 
8 0.75 0.25 
9 0.94 0.06 
10 1.00 0.00 
 
Vowel Team – “ee” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.03 0.97 
5 0.09 0.91 
6 0.24 0.76 
7 0.48 0.52 
8 0.72 0.28 
9 0.96 0.04 
10 1.00 0.00 
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Vowel Team – “ea” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.03 0.97 
5 0.09 0.91 
6 0.23 0.77 
7 0.45 0.55 
8 0.74 0.26 
9 0.95 0.05 
10 1.00 0.00 
 
Vowel Team – “oa” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.05 0.95 
5 0.14 0.86 
6 0.31 0.69 
7 0.59 0.41 
8 0.82 0.18 
9 0.98 0.02 
10 1.00 0.00 
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Vowel Team – “oo” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.06 0.94 
5 0.15 0.85 
6 0.33 0.67 
7 0.57 0.43 
8 0.82 0.18 
9 0.97 0.03 
10 1.00 0.00 
 
Vowel Team – “ew” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.02 0.98 
4 0.08 0.92 
5 0.22 0.78 
6 0.40 0.60 
7 0.73 0.27 
8 0.85 0.15 
9 0.98 0.02 
10 1.00 0.00 
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Vowel Team – “ow” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.01 0.99 
3 0.01 0.99 
4 0.05 0.95 
5 0.17 0.83 
6 0.37 0.63 
7 0.64 0.36 
8 0.88 0.12 
9 0.99 0.01 
10 1.00 0.00 
 
Vowel Diphthong – “oi” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.06 0.94 
5 0.15 0.85 
6 0.38 0.62 
7 0.59 0.41 
8 0.81 0.19 
9 0.97 0.03 
10 1.00 0.00 
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Vowel Diphthong – “oy” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.01 0.99 
4 0.06 0.94 
5 0.16 0.84 
6 0.35 0.65 
7 0.58 0.42 
8 0.85 0.15 
9 0.98 0.02 
10 1.00 0.00 
 
Vowel Diphthong – “ou” 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.03 0.97 
4 0.09 0.91 
5 0.21 0.79 
6 0.40 0.60 
7 0.65 0.35 
8 0.86 0.14 
9 0.98 0.02 
10 1.00 0.00 
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y= /ī/ & /ē/ 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.07 0.93 
5 0.22 0.78 
6 0.41 0.59 
7 0.66 0.34 
8 0.86 0.14 
9 0.98 0.02 
10 1.00 0.00 
 
Open Syllable 
 
True 
Score 
Proportion Scoring 8 
or Above 
Proportion Scoring 
Less Than 8 
0 0.00 1.00 
1 0.00 1.00 
2 0.00 1.00 
3 0.02 0.98 
4 0.07 0.93 
5 0.20 0.80 
6 0.44 0.56 
7 0.68 0.32 
8 0.89 0.11 
9 0.99 0.01 
10 1.00 0.00 
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